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INTRODUCTORY MATERIALS FOR 

COURSE 450 - SOURCE SAMPLING FOR PARTICULATE POLLUTANTS 



This Instructor's Guide is to provide you as Course Moderator with l slstance 
in the preparation and presentation of Course #450 - Source Sampling for 
Particulate Pollutants. It will provide you with guidelines, instructions and 
some general information that should facilitate your efforts in staging this 
course. 

I. Course Description 

Course 450 - Source Sampling for Particulate Pollutants is designed as a 
four and one half day laboratory course for students of science and 
engineering background. The course presents the principles and techniques 
necessary for performing isokinetic source sampling procedures for particulate 
matter given in the EPA Reference Method 5 of the Federal New Source 
Performance Standards. It should prepare engineers and technicians to 
perform and/or evaluate a particulate source test. Lectures cover formulas 
describing basic fluid dynamics involved in isokinetic sampling and students 
are given experience in problem solving and application using EPA Reference 
Methods 1, 2, 3, 4, and 5. Laboratory exercises are designed to familiarize 
students with the proper use and calibration of source sampling equipment. 
Students perform a' source test, make all calcjlations , and i port results. 
Major topics include: 

• Basic Theories 



Description and Analysis of Source Sampling Equipment 

• Explanation of EPA Method 1-5 

• Source Sampling Calculations 

• Iso'cinetic Source Sampling Principles 

• Ga.'i Velocity, Molecular Weight, and Volumetric Flow 

Rate Measurement 

• Laboratory Particulate Source Test 

• Introduction to Alternate Methods of Particulate Analysis 



I I . Background, Origin, and Philosophy 

The Environmental Protection Agency Air Pollution Training Institute 
(APTI) provides courses in air pollution control technology, smbient and 
source monitoring, and air quality management. In July, 1976 Northrop 
Services, Inc. was contracted to both ^resent Training Institute courses 
and to provide support and technical services for the Institute as a whole. 
Source sampling and other laboratory courses of particular importance 
to' governmental and industrial personnel concerned with air pollution 
problems received early efforts of instructional development to design the 
best possible training experiences for the students. This required 
thorough examination of both the materials for instruction and an 
examination of che characteristics of the sludent audience. From such 
studies, the courses have been revised and developed to provide training 
that enables every student to achieve the specific course objectives. 
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The demographic characterization of students attending source sampling 
classes has shown the following: 



Employer 



TABLE I 



Course 450 



Federal EP/ 
^ther Federal 
State Governmf-nt 
Local Government 

Industry 

Consultant 

Other 



TABLE 11 



Occupation 



16% 
5 

12 
14 

45 
6 

2 

Course 450 



Admitxistrator 

Chemist 

Engineer 

Ind. Hygenist 

Phya. Scientist 

Sanitarian 

Technician 

Other 



14 
44 
1 
3 
3 
28 
4 



TABLE III 

Educational 

Background Course 450 



High School 24% 

Bachelor 56 

Master 18 

PhD 2 

TABLE IV 

Years 

Experience C our Be 450 

0 - 1 years 48% 

2-4 31 

5-7 15 

8-10 3 

> 10 3 



Student intellectual characteristics were determined early in the initial 
contract year through standardized ability testing given to a total of 186 
individuals in 10 different courses offered by the Institute. The Course //450 
sample produced the following percentile rank scores: 

Percentile Rank 



Verbal ability 78 

Numerical 70 

Spatial 35 

Reasoning 51 

Memory 47 
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The characterization studies mentioned above have indicated that 
for APTI source sampling courses, the course content and instructional methods 
should be explicit rather than implicit. Although formal educational level 
tends to be generally high, the ability testing has Indicated the need for 
the course content to be presented in a careful and logical order with the 
underlying principles and relationships of given concepts being taught^ directly , 
At critical Junctures where students are required to visualize a concept, 
infer a relationship, or visualize an added dimension, instruction is mediated 
with the use of: 

Graphic illustrations usually in the form of 35 ram rlides. 
Lecture demonstrations, 
Inclass problem-solving, 
Hands-on laboratory experience 

Constant repetition and review of fundamental concepts. 

Course //450 is designed to teach the principles of Isokinetic sampling to 
the engineer who finds it necessary to either conduct or to observe a stack 
test. 

A stack tester normally stays in this type of work for 2 or 3 
years before moving on to another position. This creates a continual 
need to train new peopld entering this field of work. Students 
attending #450 have ranged from high school graduates to Ph.D.'s 
involved in research work. The average student (see Tables II and 
III) has a bachelor* s degree and is employed as a technician or an 
engineer* In this course, 50% of the students come from industry 
and 50% come from governmental agencies (this creates a forum for 
interesting discussions within the course presentations). Most of 
the students are also just entering the field of air pollution, 48% 
having less than one year of experience • The approach taken in 
instructing Course ^450, is to direct the level of instruction 
towards the engineer with four years of college, newly entering the 
field of air pollution. Through the use of discussion sessions, 
those less prepared and those with more experience are provided the 
opportunity to supplement their learning in the course. This 
approach has succeeded, with most students gaining the knowledge 
they desired upon entry into the course. 

The variety of activities that the student experiences iu 
Course #450 aides in the assimilation of a great deal of knowledge 
in a short '-ime. The first 3 days of the Course are very rapidly 
• paced and produce some stress in the studentti. The fourth and 
fifth day are conducted at a slower pace, still with a variety of 
activities, but with more opportunity for quest-zoning and dlscusr.ion* 
Here, the content of the first 3 days is reinforced and refined. 
Every effort: is made to answer any question asked by a student, 
even at the expense of some of the more advanced members of the 
class. In fact, it has often occurred that the simpler questions 
lead into details that the class as a whole finds valuable. At the 
opposite end, the more complex questions, give the beginning stack 
sampler an opportunity to realize the complexities that can arise 
in perfoming the sampling method- 
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III» Instruction for Preparation and Presentation of Course 
A. Responsibilities ot Course Moderator 



This course generally requires 44 days for a complete presentation. 
It can also be expected that anywhere from 35 to 60 hours of additional 
preparation will be required by the individual designated Course Moderator. 
Preparation and continuity are the principle responsibilities of the Course 
'Moderator who will coordinate all on-site activities bouh before and during 
the course presentation. The following lists the actual tasks that are 
considered the direct responsibility of the Course Moderator: 

1. Scheduling the course presentation. 

2. Recruiting (hiring) and briefing instructors. 

3. Preparation of classr-iom and teaching facilities. 

4. Preparation of and distribution of course materials, 

5. Presentation of introduction and other appropriate lectures. 

6. Maintaining continuity throughout the course. 



B. Scheduling 



The course Itself is designed around a format using 18 lectures 
and 3 laboratory sessions, all of which are designed to fit into a 
4Jj day time frame of morning and afternoon sessions. Because the 
course contains a concentrated level of involvement with rather 
technical material, it is recommended that no more than seven (7) 
hours of class instructior. be presented in one day. 

The coarse materials contain 21 segments each listed below with 
its recommended time and schedule placement. 



Proposed 
Sequence 



Day //I 

Lesson //I 
Lesson //2 
Lesson //3 
Lesson //4 
Laboratory //I 

Day //2 

Lesson //5 
Lesson //6 
Lesson #7 
Laboratory //2 



Lesson Title 



Welcome and Registration 
Introduction to Source Sampling 
EPA Me*-hod 5 Sampling Train 
Discussion of Labaoratory Exercises 
Lab Exercises 



Isokinetic Source. Sampling 
Setting the Isokinetic Sampling Rate 
Discussion of Laboratory lixerclses 
Orsat Laboratory 



Expected 
Time 

Required 



30 minuteB 
1 hr 15 min 
1 hour 

1 hour 'iO min 

2 hours 30 min 



1 hour 15 min 

1 hour 15 min 

2 hours 45 min 
1 hour 30 min 
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Day y/3 



Lesson #8 

Lesson #9 
Lesson #10 
Laboratory #3 

Day 

Lesson //II 
Lesson #12 
Lesson #13 
Lesson #14 
Lesson #15 
Lesson #16 



Day #5 
Lesson #17 
Lesson .^18 



Calculations and Interpretation of 1 hour 45 min 
% Isokinetic 

Definition of a Particulate 15 mln 

Discussion of Source S.ampllng Exercise I hr 15 mln 

RMS Testing 3 hours 



Concentration Corrections 1 hour 15 min 

Literature Sources 30 min 

F-Factor Method 1 hour 

Calculation Review 1 hour 45 min 

Error Analysis 30 min 

Source Sampling Quality AssurAnoe 1 hour 20 mln 
and Safety on Site 



Particulate Sizing Using 
Impactor 

Transmissometers 



Cascade 1 hour 

1 hour 15 min 



Instructors 

The tour most important criteria in the selection of faculty for 
this course are: 

1. A knowledge of the methods and procedure in particulate sampling. 

2. Practical experience with a facility providing stack sampling. 
3* Experience (and ability) to instruct adults using traditional 

and non-traditional methods, materials and techniques. ( 
A. A positive attitude toward air quality management. 

Before instructors are actually involved with instruction in the 
classroom the course moderator should conduct thorough briefing and 
preparation sessions in which an overview of the entire coarse presentation 
is given. Specific discussion of course and lesson objectives should result 
in an assurance, that the instructor is well prepared and familar with the 
materials, procedures, and techniques that they will be using.. 

The coui^se moderator should stress the difference in the rolu that 
the instructor plays as compared to traditional university instruction 
situations. All instructors should fully understand the function of 
course and lesson objectives and the relationship of each objective to 
their particular materials and to the pre and post testing. 

It may be particularly helpful to the instructors if they are able to 
sit in on early sessions of the course presentation, so that they get a 
feel for the way the students are oriented to the material and be able 
to incorporate the strengths and background experiences of the students 
into the various instructional sessions. 

Preparation must be stressed to all prospective instructors. Thorough 
familiarization with all the prepared materials is essential for even 
"expert" instructors. Laboratory sessions ^qulre additional preparation 
and should . include a complete run-through to check out the methods and 
equipment before ever presenting them to the students. Remember that 
Murphy's law will always hold true in a student laboratory exercise: 
"What ever can go wrong, will!" 

Physical Sett ing 

Room size: 1300 square ft/24 students 

Seating arrangement: Double tables, 6"-8 studdnt/tablc 

Audio visual requirements: 35 mm slide projector, overhead projectors, 

large screen 

Lecture paraphernalia: Lighted lectern, blackboard, chalk 

Laboratory, room requirements: 700 sq ft, electricity, analytical balances. 




Course Material s 

* • 

In addition to the lesson outlines and audio-visual materials, the 
Instructional Resource Materials for Course 450 include copies of the 
following items needed for distribution to the student: 

1. APTl Student Manual: "Source Sampling for Particulate Pollutants", 
EPa' 450/2-79-006 

2. APTI Student Workbook, EPA 450/2-79-007 

3. Pre-test 

4. Post-test 

5. EPA Pamphlet - "Need Air Pollution Inf orma*" .on" , June 1979 

6. Handout - reprint of article - Leland, Bernice J; Hall, Jerry L. 
"Correction of S-Type Pitct - Static Tube Coefficients When Used 
for Isokinetic Sampling from Stationary Sources^" Environmental 
Science and Technology 11:694-700; July, 1977. 

< » 

7. Handout - reprint of article ~ Midgett, M. Rodney. "How EPA Validates 
NSPS Metnodology." Environmental Science and Technology 11:655 - 659; 
July 1977. 

8. Handout - A Monograph - Shigehara, R. T. "A Guideline for 
Evaluating Compliance Test Results." 

9. Handout - Calculation Form for Method 5 Particulate Test 

10. Federal Register - Vol. 42, No. 160, August 18, 1977 
"Standards of Performance for New Stationary Sources - Revision 
to Reference Methods 1-8." 

11. Federal Register - Vol. 43, No. 37, February 2'3, 1978, Part V 
"Kraft Pulp Mills." 



F • Lesson Plan Use 

Each lesson plan modula Is designed to serve sis ; 

A. Source of lesson objectives 

B. Content guide for instructor 

C. .^Lectui-e outline ' 

D. Directions for usai|pf visual aids 

E. Guidelines for approach to the lesson. 

Each lecture plan outline is carefully timed. Instructors should give 
attention to observing t^me schedules^ and to becoming familiar with the "pace' 
of the lessons to be given • 

Tnrtructor.* must be familiar with the visual aids and handout materials 
before attempting ts present any lesson. 

Instructors may wish to vary slightly from the format or content for 
a given lesson but should be cautioned that schedules and lesson objectives 
must be maintained. Variations should be in the direction of greater student 
participation . Instructors should remember that the final exam reflects the 
lesson objectives as presented through these lesson outlines. 

G. Audio-Visual Materials 

The visuals for course 450 include 153 35mm slides. The slides 
are keyed usint number references that are also found on the slide. 
The number iderttifies the lecture and sequence of the slide. Thus 
L2-16 identifies a slide in lecture 2 that comes before L2-17 and 
after L2-15. Some slides that are part of sequences axe followed by 
a ^^etter, thus L2-2a, L2-2b, and L2-2c are all members of a par- 
ticular .sequence. 

The specific lessons are as follows: 



Lessen 


1 


no slides 




Lee^on 


2 


20 slides 


' L2-la through 2-14 


Lesson 


3 


no slides 


Use L7-4, L7-5 


Lesson 


4 


no slides 


L5-1 through L5-4 


Lesson 


5 • 


4 slides ' 


Lesson 


6 


21 slides 


L6-1 through L6-21 


Lesson 


7 


35 slides 


L7-1 through L7-35 


Lesson 


8 


12 slides 


L8-1 through L8-12 


Lesson 


9 


no slides 




Lesson 


10 


no slides 




Lesson 


11 


7 slides 


LI 1-1 through Lll-7 


Lesson 


12 


6 slides 


L12-1 through LI 2-6 


Lesson 


13 


10 slides 


L13-1 through L 13-10 


Lesson 


14 


no slides 




Lesson 


15 


3 slides 


L15-1 through L13-3 


Lesson 


16 


1 slide 


JA6-1 


Lesson 


17 


6 slides 


lul7-l through L17-6 


Lesson 


18 


28 slides 


LI8-1 through LL8-27 
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H* Grading^ Philosophy 

Th# APTl gulditllnes for grading student's perfortnance In "Source 
Sampling for Particulate Material" and granting Continuing Education 
Units (CEU's) are as follows: 

The student must: 

# attend a minimum of 95% of all jchtduled class and laboratory 
sessions; 

• complete and hand in copies of all laboratory data derived in 
the laboratories; and 

% achieve an average courso grade of 70% or better derived as 
follows : 

1) 90? from final examination 

2) 10% from laboratory performance 



I* Other Logistics 

Since the Course Moderator will need to consider a great variety of 
logistic and Instructional concerns, the following checklist is provided 
to serve as a guide to meeting these responsibilities. 

The course developers have tried to provide you with as much 
information and materials as possible to enable you to present a 
unique and exciting educational venture* 

GOOD LUCK. 
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CHECKLIST 
of Activities 

For Presenting the Course 

Pre-Course Responsibilities: 

1. Reserve and confirm classroom(s) , including size, "ttet-up," 

location and costs (if any) . 

2. Contact and confirm all faculty (speakers) for the course(s), 

including their A-V requirements. Send material to them. 

3. Reserve hotel accommodations for faculty. 

4* Arrange for and confirm food service needs (i.e., meals, 

coffee breaks, water, etc). 

5. Prepare and reproduce final ("revised" if appropriate) 

copy of the detailed program schedule. 

6. Reproduce final registration/attendance roster, including 
observers (if any) . 

7. Prepare name badges and name "tents" for students and faculty. 

i 

8. Identify, order, and confirm all A-V equipment needs. 

9. Prepare two or three 12 in. x 15 in. signs on posterboard for 

posting at meeting area. 

10. Arrange for and confirm any special administrative assistance 

needs on-site for course, including "local" Address of 
Welcome, etc. 

11. Obtain copies of EPA Manuals, and Pamphlets. 

12. Pack and ship box of supplies and materials one week prior 
to beginning of course (if appropriate). 

-13. Arrange and confirm the availability of satisfactory 

laborat ry equipment and facilities. (See list following 
and la. scriptions in tear of this manual) 

14, Set up needed equipment in the laboratory setting and make 
sure all equipment and instruments are operating correctly. 

15. Have run-through of lab exercise with instructors. 
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CHECKLIST (Cont.) 



On-Site Course Responsibilities- 

1. Check on and determine fimd room arrangements (i.e., 
tables, chairs, lectern, water, cups, etc.) 

2. Set up A-V equipment required each day and brief operator 
(if supplied). 

3. Post signs where needed. 

4. Alert receptionist, phone operator(s), watchmen, etc. of 
nfime, location, and schedule of program. 
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Conduct a ne<i spcaker(s) (i.e., instructor) briefing session 
on a daily basis. 

6. Verify and make final food services/coffee arrangements 
(where appropriate) . 

7. Identify and arrange for other physical needs as required 
(i.e., coat racks, ashtrays, etc). 

8. Make a final check on arrival of guest speakers (instructors) 

for the day.^.- 

9. If there is lab woric^.pn a real stack, find out how to call 
' the locai life squad or simlliar service, in case an 
accident r-.curs. 

Post-Course Responsibilities 

1. Return the following to APTI: (If APTI course): 
Student Registration Cards 
Pre-Test Answer Sheets — Graded 
Post-Test Answer Sheets — Graded 
Laboratory Data Summary Sheets from each student 
Student Course Critiques 

2. Prepare Course Director Rep.rt including pertinent comments 
on the presentation. (If APTI course) 

3. Request honorarium and expense statements from faculty; 
order and process checks. 

4> Write thank-you letters and send checks to paid faculty. 

5. Write thank-you letters to iwn-paid guest speakers. 

6. Prepare evaluation on each course (including instructions, 
content, facilities, etc), 

7. Make sure A-V equipment is returned. 

8. Return unused materials to your office. 
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COURSE //450 



SOURCE .TESTING FOR PARTICUME POLLUTANTS 

COURSE GOAL 

The major goal of Course #450, "Source Sampling for Particulate Pollutanf.s", 

is to provide the student with a basic understanding of the theory and experimental 

methods involved in isokinetic sampling* the foundation of EPA Method 5, 

Knowledge of isokinetic sampling, serving as the core of the course material, 
will then be amplified with lectures, problem sessions and lecture-demonstrations 
in order to present the many facets of particulate sampling. Upon completion of 
the course, the student should be able to design and plan a source test, perform 
All of the calculations involved in reporting a mass emission rate, and understand 
problems of error and quality assurance • The student should also become conversant 
with the methods of particle sizing and transmissometry . He should attain an 
awareness of the problems involved in source sampling and be able to recognize what 
constitutes difficult experimental situations, a good test, good data, and a good 
final report, 

COURSE OBJECTIVES 

On completion of this course the student should be able to: 

• Define symbols and common source sampling terms used in source sampling for 
particulate pollutants. 

• Recognize, interpret and apply sections of the federal Register pertinent to 
source sampling for particulate pollutants. 

• Understand the construction, operation and calibration of component parts of 
the Federal Register Method 5 sampling train. 

4 Recognize the advantages and disadvantages of the nomograph and its uses in 
the establishment of the isokinetic sampling rate. 

• Understand the "working" isokinetic rate equation and its derivation, 

• Define isokinetic sampling and illustrate why It Is important in sample Extraction. 

• Apply Federal Register Methods 1 through 4 in preparation for a particulate 
sampling test. 

• Understand the construction, evaluation, standardization, and orientation of the 
"S Type" pitot tube and its application to source sampling. 

• Calculate the "Percent Isokinetic" value for a source test, and interpret the 
effect of over or under-isokinetic values on the source test results. 

• Understand the quality assurance programs involved in source sampling 

dealing with nozzle sizing, orifice meter calibration, nomograph standardization 
and sample recovery. 

• List the steps involved in conducting a source test, including completion of 
pre~test and post-test forms. The student should be able to recognize potential 
problem areas in preparing end conducting a source test. 
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COURSE OBJECTIVES - Continued 



• Properly assemble, leak ch^ck, conduct and recover a Method 5 sample 
according to Federal Register, August 18, 1977. 

• Apply Federal Register Method 3 gas analysis in formulating the stack gas 
molecular weight and % >^xcess air. 

• Explain the principles behind the operation of particle sizing devicec for 
sources and name some of those devices being tested by EPA. 

• Defim* the terms opacity, transmittance and transmissometer. 

• Recognize the relationship between optical density and particulate concentration. 
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LABORATORY EQUIPMENT LIST FOR 24 STUDENTS 



COURSE 450 

SOURCE SAMPLING FOR PARTICULATE POLLUTANTS 



GENERAL EQUIPMENT FOR SOURCE TEST 



2l 


irt r^tfi & 1^ n r\ Vi Q 
UKJUlU^L ay lia 


A 




4 




4 




L 


QPt'fi Ci'f olrsa ttura ir P 


4 


otoHp^ 


4 


filter holders. fri*"S 


4 


tiT* p«»vp^ ^lipd f 4 1 t'PTn 


A 


f^nntfl'lnpTR nf Q'fl'lp^i cpI (2.C\()o px^pH^ 


6 


evtpnsion rords 


4 


t>»lding wood rulers 


2 


calipers 


1 


ice chest 


4 


f annels 


2 


250ml graduated cylinders 


8 


stopwatches 


2 


boxes kaydry towels 


4 


tweezers 


4 


probe wrenches - 3/4" and 1" open end wrenches 


1 


spare filter set-up 


2 


sets of spare glassware 




miscl. tools 


4 


rolls duct tape 



ice 



f lyash 

TESTING FACILITY - see Laboratory 1 for diagrams. 

2060 CFM Squirrel Cage blower with 3/4 HP motor 
12" diameter galvanized duct work 

6 5 foot sections 

4 2 foot sections 

3 elbows 

2 adapters; 1 to reduce 14" diameter fan inlet to 12" diamet 
1 section to adapt rectangular fan outlet to 12" diameter. 

PITOT TUBE EXPERIMENT 
4 standard pitot tubes 

4 inclined manometers, (oil, reading to an least 6" H2O) 
4 sets of manometer lines w/connectors 
8 ring stands each with 3 finger clamps 
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WET BULB-DRY BULB EXPERIMENT 

beakers with water 
4 thermometers (to 300<^F) 
2 wicks 



M.W. EXPERIMENT 



4 Orsats 



SAMPLE AGENDA 



« 



Course location 



Name and address of 
ag ency conducting course 



(Dates of course) 



450 SOURCE SAMPLING FOR PARTICULATE POLLUTANTS 



Acknowledgement 
of role of othe..' 
agencies, if any, 
in conduct or 
support of 
presentation. 



Name of course 
Dir ecto r 



DAY & TIME 



MONDAY 
8:30 
9:00 
9:45 



10:30 
11:30 
12:15 



SUBJECT 



Welcome and Registration 
Pretest 

Introduction to Source Samijling 

1. Objectives 

2. Definitions 

3. Pollutant Mass Rate 

4. Gas Physics 

EPA Method 5 Sampling Train 

LUNCH 
Discussion of Laboratory Exercises 

1. Sample & Velocity Traverses for 
Stationary Sources 

2. Determination of Stack Gas Velocity 
and Volumetric Flow Rate 

3. Wet Bulb-Ory Bulb Moisture Estimation 

4. Orifice Meter Calibration 



SPEAKER 



1:45 



Travel to Source Simulator 



If course is not conducted by EPA, but EPA/APTI materials are used, it would 
be appreciated that an acknowledgement appear here. 
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It 



Y t TIME 



- 2 - 



SUBJECT 



SPEAKER 



MONDAY (Continued) 
2:00 



Laboratory Exercises 
Station #1. Traverse Point Determination 
Station #2. Pitot Tube Calibration 
Station #3. Moisture Estimate 
Station #4. Calibration of Orifice Meter 



HOMEWORK: 1. Complete Laboratory Exercises Calculations 

2. Read Example Problems - Workbook PP. 165-174 

3. Work Problems 1, 2, and 3 - Additional Problem Section PP- 177-178 



TUESDAY 

8:30 

9:45 
11:30 
12:15 



3:00 

HOMEWORK: 



Isokinetic Source Sampling 
Setting the Isokinetic Sampling Rate 

LUNCH 

1. Review of Sample and Velocity Traverses 

2. Reference Method Determination of Moisture 
in Stack Gas 

3. Gas Analysis for Carbon Dioxide, Excess Air 
and Dry Molecular Weight 

Orsat Laboratory 



1. Do Problems 1, 2, and 3 - Setting Isokinetic Sampling Rate P 57 

2. Work Problems 4, 5, and 6 - Additional Problems Section pp 179-181 



WEDNESDAY 
8:30 



10:15 
10:30 



Calculation and Interpretation of % Isokinetic 

1. Equations for % Isokinetic 

2. Evaluating Anisokinetic Source Test Results 
Definition of a Particulate 

BREAK 



ERIC 
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- 3 - 



^ DAY & TIME SUBJECT SPEAKER 



WEDNESDAY (Continued) 

10:45 Discussion of Source Sampling Exercise 





1. Experiment Design 




2. EPA Method 5 




3. Report Writing 


12:00 


LUNCH 


12:45 


Travel to Source Simulator 


1:00 


Stack Test 


HOMEWORK: 


Complete Stack Test Data Summary Fomi 


THURSDAY 




8:30 


Concentration Corrections 
Class Problems 


10:00 


Literature Sources 


10:30 


F-Factor Method 


11:30 


LUNCH 


12:15 


1. Calculation Review - Hand in Stack Test 
Data Sunmary 

2. Discussion of Laboratory Results 

3. ERROR Analysis 


2:30 


Source Sampling Quality Assurance and Safety 
on Site 



HOMEWORK: Read Manual Selections 



FRIDAY 

8:30 Particle Sizing 

9:30 Transmissometers 

10:45 Post Test and Closing 



The Course closes at 12:00 a.m. on Friday, please plan to remain until that time. 

Three Continuing Education Units (CEU's) will be awarded to those students who attend a 
minimum of 95% of all scheduled class and laboratory sessions and who satisfactorily 
pass examinations based on studies and assignments. 
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SOURCK SAMPLIN(; FOR PARTICULATK EMISSIONS 
Am COIJRSKNIIMHKR 450 



PRI^/ri'.ST 

DIRECTIONS: Circle the beat answer (there is one and only one correct answer for each question). Mark 
answeni both onyour Exam Sheet and on the Answer Sheet. You will be asked to turn in only the 
Answer Sheet (The August 18, 1977 Federal Register and a scientific calculator may be used during this 
test You should take no more titan 45 minutes.) 

1 . How would you corrt ct the '*C" factor of your nomograph if your pitot tube had a coefficient 
ofCp = .79? 

a. Take C^^^^ = 0-85/0,79C 

nomog iioiaog 

. 11 r<ort - 0.79 C 

b. UBei. - ■ nomog 

- nomog 0.85 

c. The nomograph can't be corrected for a different (y 

d llBc C<o"- = (0-79)2 

^omoK ^omog 

2. The TypeS pitot tube has demonstrated several characteristics that are imporUnt in under- 
sUnding its proper function and application in measuring gas velocity. Those characteristics 
which can affect its perfomiance are: 

a. Tube length and diameter 

b. Sensing area and tube length 

c. Sensitivity to turbulence and orientation 

d. Sensitivity to temperature variation and abunive environments 

;i. What aasumptiong does the nomograph make about the stack gas molecular weight? 

a. The molecular weight can be corrected for %C02 and %02' 
h. The dry stack f^as molecular weight is measured to he 29. 
i\ The molecular weifjht (wet) is assumed to be 29. 

d. The stack gas mt)lecular weight is directly related to v^, the sUck gai^ velocity. 
4. Oirrecting pollutant concentrations to 12% is applicable to: 

a. Non-combustion processes 

b. All chemical processes except oil refineries 
0. (lomhustion processes 

d. ^ ifdy tho6e processes burning No. 2 diesei oil 



19 



r>. If the particulate concentration in measured as 0.1 {fraiuH per dry Hlandard cubic f(>4)t (IKSCF), 
and the stack gas flow rale is 70,000 DSCF per minute, what is ih* particulate emission rate 
in pounds per hour (7000 grains = 1 pound)? 

a. 60 pounds/hoUr 

b. I pound/hour 

c. 10 pounds/hour 

d. Need more infonnalion 

6. If the gas analysis itf>.2'/; O^. 14 2% {;02, iY/oii). l^Xf/r^.y '*2^^ "^^'^'^ ^^^^ 
molecular weight of this mixture is: 

a. 29,6 
23.B 

c. ^).0 

d, 30.9 

7. rhe greatest s<iiirre of experimental error for a slack test arises out of the measurements for: 

a. Moisture content of the stack gas 

b. Molecular weight of the slack gas 
o. Velocity of the stack gas 

d. Sample point position within the duct 

8. The most important aspec I of a safety evalualiot» |»nH edure designed to pre\(M»l accidents is a 
continuous: 

a. Reminder to personnel of previous accid<aits 

b. Accident analysis program 

c. vSafety indoctrination program 

d. Stronger enforcement of safety rule** 

9. The un-hite sampling team shoulf' follow 

a. Their developed safely melh(Kis 

b. Ilant safely regiilationa and those guidelinr^ giwn in the CKC) safety handbook 

r. All plant safely guidelines in addition lo thixse developed specificall) for the sam]>ling 
team 

d. Posted plant regulations 

10. The (ilass Fiber Filter used in Method 5 particulalr rampling must. 

a- Kxhibil at least 96.5% colleclion efficieney 

b. he dessicated 24 hours and weighed to a constant weight 

<:. lie dessicated 24 hours and weighed to the nearest l.O mg ^ 

d. He de^^sicatrd 6 hours and weighed 
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II. Turbulpiicr ifl t!rrat**<l l>v any arrcHHory adju' ^ hl lo iIh Type S pilol IiiIm\ Tin rffecl of 
lurbuli nc<* upon ihr cHlilualion of iUv Type S pilol Uiho in ipjnimi/*<»d wlini the acceaftory 
w»oparat<'d from ihe pilot lube by a tlwtannv 



a. 7.62 mm 
d. 3** 

12. The term A H^, is dt^finrd at*: 

a. Tht* 8um of the stagnation prpsfluir and static prrft8ur<* in the duct* 
Ij. The flow rp.tp of dry air flowing through a flat, aharpn^dged orifice 

c. SampUng Meter 0)n8ole calibration faclor 

d. The pre88urt^ differential acrosfl the sampling console orifice meter thai creates a flow rate 
through the meter of 0.75 cfm dry air al 7()^^F and 29.92 in. lig. 

13. The Type S pitot tube must properly oriented in ihe gas stream if it is to measure the 
correct gas velocity impacl pressure. A serious drawback of sampling probe design in some 
equipment systems is: 

a. The pitot tiibe is permanently welded to the sampling sheath 

b. The pitol lube-probe sheath assembly can be accidenlly twisted into misalignment in the 
gas stream 

c. The pitot tube is constmcted of 316 stainless 8teel 

d. The pilot lube. probe sheath assembly is out of round 

14. niowere are m-cessary on transmissometer>i to: 

a. Prevent mirmr look-np 

b. Provicle a purge >ysleni llirough the in8trum«-nl to I'liminate thv effects of corrosive gases 

c. Air-eondition the optieal system 

d Keep the optical windows free of particulates 

ir>. Wow ib transmiltamv rrlaled to opacity? 

a. % opacity % Iransnuttaner - Rini^dmann number 

U. Transmittaaef - (I % opacity) x 100 

c, TranRmittaoeft/opacity - Ringelmann number 

d. 'v opacity 100% % transmit tanc^ 
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16. The cjwcacJe impaclor particle niter can givt^ rq)reftenUtive particle* sitv data if: 

a. ll is propcrl/colibrated and operated 

b. A cyclone ifi uwd to knock out large particle in the gan ntream 

c. ( )nly if it is not at stack temperature when sampling 

d. Agglomeration and fracturing of particles Ukcs place in the device 

17. For tangential cyclonic flow in a sUck, the best way to determijte the veUKity is: 

a. Orient the pilot tube until maximum reading is obtained, This is the true Ap. 

b. Orient the pitot tube parallel to the side^i of the stack and the Ap reading is the 
upward vector of the velocity. 

c. Measure the impact pressure and the static pressun* separately and by difference 
obtain the velocity head (Ap). 

d. Install gas flow straightenmg vanes and sample in the usual manner. 

18. 'Isokinetic," in stack sampling, means: 

a. The volumetric flow rate at the tip of the probe nozule is equal to the volumetric 
flow rate at the metering device. 

b. J he velocity at the tip of tlie nosBzle is equal to the velocity at the metering device. 

c. The velocity at the tip of the nowclc is equal to the velocity of the approaching 
stack gas stream. 

d. A term used by stack samplers K} impress plant pereonncl. 

19. Cascade impactor particle sieing devices are'subject to errors produced when the sample gas 
flow rate through the device i^toc high. These errors are caused by: 

a. Poor leak test procedures 

b. Process fan fluctuations 

i\ Scouring and reen trainmen t of particles deposited on stage plates 

tl. linder isokinetic flow through the impactor 

20. The Typ« S pitot tube is the most commonly used device for the KPA Method 5 samphng 
train gas sensor. It aids in the measurement of the stack gas velocity. The Type S pitot 
tube directly measures: 

a. The gas velocity impact pressure and static pressure 

b. (las flow rate through the A and B legs of the tube 
0. Stack gas viscosity 

a. The difference between gas viscosity and gas density 
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21, Source sampling nozzles «hould be: 

b. Must not exceed 3/4'' diametci 

c. Calibrated regularly to the nearest (0.001 inch) 0.025 mm 

d. Replaced at specific intervals 

22. In the rollt)wingt'4|uaUonH 

- stack gas velocity 

= .stack cross-sec lional area 

= nozzle cross-sectional area 

$ ^ sampling time (minutes) 

V = standard volume metered at the dry gas meter 
m 

= volume at stack conditions pasfling through the nozzle 
The % isokinetic for a stack may be calculated using equation: 

A ^ 
a. % isokinetic k KK) ' c. % isokinetic = ^ x 100 

A. 



n 



b. % irtokinetic 



V V 
n ,j. % isokineUc = *" x 100 



23. The New Source Performance Standards for a Fotail Fuel Fired Steam (Jenerator define a 
particulate as: ^ 

a. Any solid or liquid in the stack gas 

b. Any solid in the stack gas 

c. Any solid or liquid other than uncombined water in the stack gas as measured by Method 

d. Any solid or liquid other than uncombined water as measured by Method 5 sampling 
train maintained at £400*^ 



2S P ^ 



I 

24. An ( )rHal analyrftr in commonly UH«d to detemiiiw thf composition of a combu«tion effluent 
where Ng, Og. CO, and arc the principal (umsiitucnU of the ga« stream. It direcUy 
mcaiiures : 

a. Ng, CO, and COg 

h. iH, CO2, O2 

c. COg, O2, N2 

d. N2.O2. CO 

25. AnOrsal analyzer yields results on a; 

a. Wet b»i8 because it essentially is a wet chemical analysis. 

b. Wet basis because the effluent usually contains moisture. 

c. Dry basis because the moisture condenses until the effluent is dry. 

d. Dry basis because the vapor pressure of water remains the same. 

26. The order in which we analyze the components is: 

a. COg, Og, CO 

b. Og, COg, CO, No 

c. CO, Og, CO2 

d. Ng, Og, Ci) 

27. The Type S pitot tube must be calibrated while assembled in the sampling configuratic 
for which its use is intended. This is necessary because: 

a. The Type S pitot tube is not an accepted standard for gas velocity measurements. 

b. It may be Reynold's Number dependent 

c. It is not manufactured according to an established National Sundard 

d. All the preceding reasons in conjunction with the dictates of good experimental procei 
for preparation and use of any scientific measuring device. 
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2H. S< l<M;t llio < i.»«ti<)ii Itiul Im hI c|ow rili<'N lli.- ciililinaiuii of a pilol lul»»' iiHiiin« kii«»wn rtlundanl 
pilot 111!)*-. 



a. C. 



b. C. 



d. (L - C 



p(atd) 
p(tc«t) 

Ap(l«:8l) 



A P(8ld) 



(1 



c 



P(8td) = 

s 

Ms 

K 
Ap 

Ap(t<'8t) 

Ap(Htd) 

1' 



Htack croHH'HPclional area 

pKot tube, calihratian corfficicnl 

standard pitotnsutic tube cali- 
bration coefficient 

dimensional constant 

wet molecular weight of the ga^ 
absolute pressure o the gas 

pi tot tube velocity pressure 

test pitot tube velocity pressure 

standard pilot static tube velocily 
pn^ure 

volumetric flow rat«* 

absolute temperature of the gas 



29. The DfjQ of a cascade impactor sUge is defined as: 

a. The particle diameter at which the stage is 50% efficient 

b. The Dp of that »Uge 

c. The particle diameter at which the 8tag(^ is 50% 

d. The Dcjo aerodynamic diameter of the particles on that stage 



30. rhe photopic rrgioii \^ 

a. The region of ihr electromagnetic spectrum euvt-red hy the npei^tral output of a tungHtrn 
filament. 

b. The effective sensing area of the detector on a transmissometer. 

c. The range of particle sixes which scatter visible light. 

d. The visible region of the electromagnetic spectrum. 
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31. Tiir moiKluriM'iMili III ol llir Kim k t^iin rniiTM inlo « iilriiloliiiii of ihr wH nmlrriilur wc ijrhi of 
iiw gOH, ill llir i^xpn^HHioii: 



a. Mj ^ S B 



X X 



B._ = mole fwtion HgO (% H2O) 



c. -~ Mj(l-B^,)+ 0.025 

= weight molecular weight of the 
Btack gaa 



32. What must you do if you encounter effluenta other than CX)2» ^^^^^ 
lietrimine the molecular weight? 

a. Gues8 the molecular weight to be 29. 

b. Use appropriate analytical procedures to determine the mole fraction of Cach confltit«ent 
of theeffli3entgas. 

c. Co ahead and use theOrsat anyway. The principle is "anything is better than nothing'', 

d. Use a Fyrite, 

33. If you sample over-i8okinetically, your particle concentration will be 

a. l^eae than the true concentration 

b. Greater than the true concentration 

c. The true concentration 

d. Greater than the true concentration only if large particles make up a significant percenUge 
of the particle size distribution 

34. A quick approximation of stack gas velocity in a duct can be made using the equation: 

a. = 

b, V' = 8r>.4tt4/(r Ap) 



8 m 



m 8 
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35. Th(i ideal gts law states that: 

PV =-!IL.RT 
M 

Select the sutement that ib false. 

a. The univenal gas constant, R, is dimensioniefls. 

b. The above relationship can be used to find the density of a gas at any conditions of 

T,and 

c. Molecular weight is deteimined by knowing the compoeition of gas stream. 

d. T must be in absolute units. 

36. Why is the dcterminatiun of moisture content of the affluent gas important in isokinetic 
sampling? 

a. Because, moisture tend.8 to corrode the nozzle. 

b. Because it entew as a variable in the isokincUc sampling equation and must be considered 
in setting the isokinetic flow rate. 

c. It can dissolve particulates and yield low results, 
d* It is not important in isokinetic sampling. 

37. One of the important hydrody namic principles used in isokinetic considerations, is 

a. Large particles tend to move in their same initial direction. 

b. Barriers to flow develop vortices. 

c. Pressure is inversely related to volume. 

d. A flowing gas stream will decrease the pressure in a tube normal to the flow direction. 



38. \Vhich one of ihv following relates prrssurc differential across a system to the flow rate 
of the gases in ihv. syslem: 

a. Stokes Iaw 

b. Reynolds' Number 

c. Bernoulli's Theorem 

d. Avagadro's Number 




39. Refcrencp Method 4 in the Federal Register outlines the procedures for -letennination 
of the moisture content of « stack gas. Moisturt content is best detennired from the 
equation: (Note B^^ is the same as B^g) 

M B = V 
*• "ws wc 

+ 0.02 

V + V 
* wc m 



B^, = ^WC(Btd) ^ ^W8g(std) 

^'wc(8td) ^ ^'«g(8td) ^ ^'m(8td) 

B. 



W8 



^W8 



V + v„ 

wc m 



40. The % isokinetic calculated at the end of a Method 5 test is a measure of: 

a. The precision with which sampling rates were set based on test velocity and 
volumetric flow rate data 

b. Experimental diM^repancies 

c. Experimental error 

d. Accurate pollutant maas emisaions 

TRIJK - FALSK 

41 . The static pressure of a duct is that pressure which would he indicated by a gage moving 
along with the gas stream in the duct. 

42. Tht nomograph supplied with most commercial KPA trains is ihr most accurate method 
for setting isokinetic flow rate. 

43. When any fuel is burned at 50% excess air, the flue gas will contain the same %02i and 

%O02- 

44. An inclined manometer must always be leveled and propcriy wroed if good Ap readings are 
expected. 

45. Gas straightening vanes will aaeist in reducing gas turbulence within a duct. 

46. The standard pitot tube has standard design criteria accepted by the National Bureau of 
Standards. 

47. The analy tical technique and properties of the pollutant and other constituents are of 
prime importance when designing sampling trains and experiments. 

48. Sampling for the average pollutant concentration at the point of average velocity is 
common practice for isokinetic sampling. 
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The optM J.™i.y n..«mi «™. . ««k c«, be e„m,l.«d to n>«. .mWo„ c.K,c.o«tio„. 
WeJl.d.--hipldU,andA.prop.,-.lcin.tic«n.pBn,,«.«h.n,he Ap »known,... 

iJl = K/ip. 
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ANSWER SHEET 



Name 



Date 



I. u h <• «i 



2. 
3. 
4. 
5. 
6. 



'J 
f • 



8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 



b c d 
b c d 
b c d 
b c d 
b c d 
b c d 
b c d 
b c d 
b c d 
b c d 
b c d 
bed 
b c 
bed 
b c d 
b G d 
b c d 
b c d 
b c d 
b c d 
bed 
bed 
b c d 
b c d 



26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 



b c il 
bed 
b c d 
bed 
b c d 
bed 
bed 
b e d 
b e d 
b e d 
b c d 
b e d 
b e d 
bed 
b e d 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
T F 
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ANSWER SHEET 



#450 



Name 



KEY - PRE-TEST 



Date 



1. • b c 

2. • b|^d 

I 

4. a bAd 



5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 



bed 
bed 
b^d 
e d 
b^d 
c d 
e d 
b e 

C d 
b c 
b c 
bed 
b e ^ 
b ^d 
b^d 
b c d 
b^d 
b^d 
b|^d 
e d 
b e 



26. 
27. 
28. 
29. 
30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 



b c 
a b e 
a b 

' b c 
a b c 

c 

a^e 

^b c 

b e 
b e 

b c 
a b 



39. a ^ 

40. ^b e 

41. 

42. T 

43. Tfl 

44. 

45. 0F 

46. ^F 

47. ^F 

4a T 

49. ^F 

50. A F 
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SOURCK SAMPLINO FOR PAIITICULATK EMISSIONS 
APTI COURSE NUMBER 450 



POST TEST 



DIRECTIONS: Circle the bwt «ii>wer (there it one tnd only one correct mtwer for each question). Mark 
aniwera both on your Exm Sheet and on the Answer Sheet You will be aiked to turn in only the 
Answer Sheet The AuKUit 1ft; 1977 Federal Regiater and a scientific calculator may be used during this 
test You will have 45 minutes to complete this test 

1. If the particulate concentration is measured as O.I grains per dry standard cubic foot (DSCF), 
and the stack gas flow rate is 70,000 DSCF per minute, what is the particulate emisaion rate in 
pounds per hour (7000 grains = 1 pound)? 

a. 60 pounds/hour 

b. I pound/hour 

c. 10 pounds/hour 

d. need more mformation 

2. A Stack Tester needs an estimated sUck gas v»;locity for pre-eurvey information. He is told that 
the tuck gas is exiting from a combustion source and that the average 8ta<:k gas temperature is 
440°F. A velochy traverse with an "S" type pitot tube (C = OAS) gave the average A p = l.O 
in HgO, Estimate the gas velocity in the duct. 

a. 69ft./sec. 

b. 74 ft/sec. 

c. 60 ft/sec. 

d. 78 ft/sec, 

3. A Type S pitot tube was calibrated against a standard pitot-sUtic tube assigned a Cp = 0.998 
by NBS. The Type S tube measured a A p = 0.500. The standard tube measured a A p =0.350. 
What is the Cp of the Type S tube based on this daU? 

a. 0.';98 (0.7)2 

b. 0.998/ V/TTt" 

c. 0.998 \/UT 

d. 0.998/(0.7)2 



February 14, 1980 
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A Stack Test was performed at a wood fir< d boiler. The «tack g«. conlainr.l 10% and 
travoltid up thn Htack at 30 fl./m-r.. TIm- slack had a .-row-sectional area <.f 20 ft. , average 
tempcraturt- of 335"F. and al.«olute. pr.*8un- of 2*).^ in. Hr. What wa« the volumetric flow 
rate in dry «t*nd«rd cubic feet per hour? 



a. 144,000 

b. 1.300,000 

c. 130,000 

d. 1,960,000 



Method I prewnt* guideliiicB for the aeJection of a sampling site and minimum number of 
sampling points fur a particulate traverse for a stack diameter greater than 24 inches. 
The criterion for uring 12 sampling points in the duct states that the 
sampling site is at least: 



a. 8 duct diameters downstream and 2 duct diameters upstream of a flow distt rbance. 

b. 2 duct diameters downstream and 8 duct diametere upatream of a flow disturbance. 

c. 4 duct diameters downstream and 8 duct diameters upstream of a flow disturbance. 

d. 6 duct diametere downstream end 2 duct diameters upstream of a flow disturbance. 

The (lode of Federal Regulations outlines the procedures for Method 3. The method gives 
details on how to analyse the sUck gas for its constituent components using the Or»at. Orsat 
analysis makes possible the calculation of: 

a. Mole fraction of 0)2, and CO, dry gas molecular weight and percent excess air in 
the duct 

b. Percent excest* air, CO^, and volumetric How rate (dr>) 
r. Percent (;()2i <*2, and (lO.and moistun* content 

d. Only the 'lereent (»xygen present in the dr> ga*> 

Method 1 pjideiinch suggest that ail ftampling points in a rectangular duct he located at tlu- 
centroid of an equal area so that; 

a. There a length to width ratio of 1:4 

b. There is a length to width ratio of 2: 1 

e. Two and five are concentric equal areas 
<1. There is a balanced matrix 
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8. llj^ing Methml 1 KwidHinrn it in ruuu*Hrtar> lo culriilulr an <Mpiivalcril cliamt l« r 
( l\ ) for rect«nf{ulur ntackft to be sampled. 1 liifl i> donr uHing: 



a. 



(L)(W) 



b. (L)OV) 
<• <W)2 



c. 2(L) (W) 

l) 



t " L + W 
4(L) (W) 



W +L 



9, If fiber* from a filter adhere to the gasket part of the filter assembly a proper procedure to follow would be to 
a Wash the gasket in an acetone/water rinse. 

b. Retain the fibers on the gasket for the next run. 

c. Scrape off the fibers into the filter recovery dish 
d« Wipe the fibers off with a Kim wipe. 



jQ The mole fraction of HoO in a stack gas as calculated by the 
Reference Method, is detemiined uang the equation 



«ws " ^ i 0.02 

we m 



b. B = ^WC(8td) ^ ^Wftg(Htd) 
Wo 



ws 



V ^ \' 
we rn 



(I 



V ♦ V 
wo rn 
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1 1 . riir following HlalciiuMilH pvc soinr of ifio rt<lvantagt H {^ainnl by iiMiig a Ty|>e S pilal tuln*. 
Which Hlal<:menl i« not a/i4;ayi true? 



a. Th<? Typ« S pitol tube i8 easy to use in small Bampling portfl. 

b. The Type S pitot tube resUts abusive environmentd and holds its calibration. 

0. The Type S pitot tube consistently calibrates to a known Cp value of 0.84, therefore* 

individual calibration is not necessary. 
il The large gas sensing orifices of the Type S pitot tube help prevent clogging in heavily 

loaded particulate gas streams. 

12. Ihe standard pitot-slatic tul>e ha8 small openingH hurrounding the tubr for nicattunng; 

a. Standard pressure 

b. Static pressure 

c. Koiational gai* vrlocity veclor 

d. Parallel gas axis angle 

13. The Hmall opening surrounding thr Hlandard pitnl-HUilic tulw^ may clog with particulate in a 
heavily loaded gas stream. For this reason tlie nlandard pitot-«tatic tube should: 

a. Never be used for this type situation 

h. Used only to calibrate a Type S pilot tui>e 

c. Be a second choice to a well calibrated Type S tube in this situation 

d. Protected from clogginp^ by stuffing glass wool into the small opening 

14. The Type S pitot lube is the most commonly used device for the lit" A Method 5 Sampling 
Train gas sensor, ll aids in the measurement of the slack velocity. The Type S pitot tube 
directly measures: 

a. The diffemnce between total pressure and static pressure 

b. (las flow rate lhn>ugh the A and B legs of the lube 
r. Slack gas viiicosity 

d. Difference between gas visooaiU and gas density 

\ r>. The reijuirementfl ronreniing minimum distances for separation of the Type S pilot tube and 
any accessory on the sampling probe arc established because: 

a. The Type S pitot tube has a slow response lime when gaw turbulence exists about the 
sensors. 

b. The Type S pilot tube has exhibited a Hensilivily to gas turbulence that can effert its 
cahbration coefficient. 

The Type S pilot tube must be isolated from the sampling noxzle to ensure that the 
volume at the nozzle e^juals the velocity of the a|)proachmg gas stream, 
ll Niaiuifacturr ralihralion guarantees ar»- v oid if the pilot tube is loo close to other train 
eoniponeiilH 
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In thf" tHokinotic rat<MM{uatioi) All K Ap^*^'^* 



a. Always equal to 1 .84 

b. Only a function of the atacV temperature 

c. A function of many varia^eg 
(1. Independent of the CL value 



17. Ifiokinetic sampling is: 



^ iged only for gas sampHng from stationary sources 

la nec( Bsary when sampling for gases as well as for particulates to obtain the proper 



influx of pollutant 
r. The same as proportional sampling 

d. Is neci^sary to obtain a particulate sample having the same site distribubcKi as that occurring 
in the stack 

18. What is the purpc^se of the Method /) nomof^ruph'^ 

a. It is a type of slide nde used to determine the A p for the ehos*Mi sarnj)lin^ Irain. 
fliae«: \ 

b. It is a type of sHde rule used to correct the nozzle velocity to standard conditions. 

c. It is a type of slide rule used to determine a A H from the observed Ap^ 

d. It is a type of slide rule used to determine a A p from the observed AH. 

19. In the expression A H = K Ap, K represents the reduction of several variables into a constant 
term that may be calculated for the existing conditions at the source. Which of the following 
variables is assumed to be zero in the reduction of terms to K? v 



a- A lis 



0 
0 
0 




0 



20. A vSource Test was prrformed at an isokinetic rate of 86%. The emissions ca^^ulated from 
thifi test are biased.' 



a. By large particulates and a higher emission rate than tnie 

b. By large particulates and a lower emission rate than true 

c. Small particulates and a higher emission rate than true 
fl. Small particulates and a lower emission rate thai^jriie 



H6 



21. A tn.m^^» m.-u« .h. ofcity of » efflux. .u«m »»ng ll,h. wiO. -.v. l.ngth. be,w..„ 
500-600 nm. Th... lensth. .re ch«.n (or which of th. Wiow.ng rea««n.. 



« 'rti<.B<« wave Ipnjrths are Hperific to flv ash particlep 

a. Ihw wavf lenpns arr p . <.|et tr<)mafinPtic «pec-tnim are fn-r from 

b. Transmifwometer opacUy readings m this area oi im « i« "ft' f 

0. t<^i!?ology doea not allow economical constr^iction c.f instruments employing other 

wave lengthg 

a. CombuBtion Bouifes emit light in thU region of the gpectnim 

22. The pi-reent iflokinetic should be 100%> and if it is: 
a. It enfture^ samplinf:; accu'-'^cy . 

h. It mean8 only that, based on the volumetric and velocity data, the proper sampHng 
rates were used. 

c. It means that the sotiree is in compliance with regulations. 
ii. It means that only the pollutant mass rate will be accurate. 

23. In the clean-up procedures of an KPA particulate train, acetone is used to wa«h all internal 
surfaces of: 

a, NozzJe, probe, and front half of filter holder 

b. Answer "a," except the probe is rinsed only if the liner is glass 
r. Probe and filter holder only 

d Acetone is not used because it is highly volatile 

24. A sampling team performed reference method 5 particulate test at a muniripal innnerator. Test 
results showed an emission rate of 0.01 ll../d»c.f with iV4 O ). in the stack ga... What .h the 
emission rate connected to 12% (^^^o' 

a. 0.010 Ib./dgcf 

b. 0.01.5 Ib./dscf 
V. 0.020 Ib./dscf 
ii. 0.02.''> ll../dw'f 



25. Krror analyaifi of the Method 5 sampling HyBtem hurkchIh that Uir greatot^t errors occur in 
determinition of 

4. Stack gafl velocity and dry molecular weight 

b. Stack gas velocity and Munpling aite selection 

c. Stack gaa velocity and wet molecular weight 

d. Stack gaa velocity and moisture cont ent 

26. If entrained water is obaenrcd in the stack, which of the following methods 
would give the beat estimate for B^^? 

a. Just use the saturated moisture value at the Mark temperature 

b. Use the wet bulb- dry bulb method 

c. Use Metixod 4 

d. Just use the saturated moisture value at the ambient temperature 



27. The moisture content of the stack gas tenters into the calculation of the wet molecular weight 
of the gas, in the expression: 

a. iMj - 2 3^ 

h. M3 = Mjd-B^,) ^ 18(B„,) 

c. M3 = Md(l-B„,) ^ 0.025 

d. M, = Md(l-B„,) ^ B^, 

28. For Ungential cyclonic flow in a sUck, the best way to determinr tlie velocity is: 

a. Orient the pitot tube until maximum reading b obuined. Thia is the true Ap 

b. Orient the pitot tube parallel to the sides of the stack. The Ap reading is the upward 
vector of the velocity 

c. isure the impact pressure and the static pressure separately and by difference obtain 

relocity head ( Ap ) 
d »1V gas flow straightening vanes and sample in the usual manner 
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29. beftt TcHter sampling tram ha<i just complettui a Method 5 test at a cost of $2000 to the ^^ourcr. 
The value ohUineH for the emwaioiiB, R, in Ibft/lO*^ Btu, below the atandard, indicating 
tliat the source was in compliance. The test itself, however, waa only 80% isokinetic. This 
titat data: 

a. Would be rejected by KPA since it is not within ± 10% of 100% iaokinetic. 

b. (>>uld be easily corrected to give the value of K at 100% isokinetic conditions. 

c. Could be accepted by KPA since the value of E would be even lower at 100% isokinetic 
conditions. 

d. Could be accepted by KPA ^ince the value of K would be even higher at 100% isokinetic 
conditions. 

30. Correcting polluUnt concentrations to 12% C()2 is applicable to: 

a. All processes 

b. Incineration procesaes and other combustion 8ourc«^ 

c. Sounreftin operat'on [>rior to April 1, 1970 

(I. Saircen rovrn d by State Implcmt iitalion Plan.-- 

31. The ideal gas 1 tw Hlaten that: 

m 

PV - — RT 
M 



Select the statement that is false. 



a. The universal gas constaJU, R, is dimensionless. 

1). The above relationship can be uned to find thr dennity of a gas at any conditions o 
P, T,and M. 

r. Molecular weight is detemiined by knowing the composition of gas stream, 
d. T must be in absolute iinitA. 



32. rhe Or^o of a cascade im[»a(:tor stage is defined as; 

The average aerodynamic diameter of the particles on that stage 
h. The physical diameter of the particles on hat stage 
r. The particle diameter at which the stage is f^lY/t. efficient 
d. Calibration coefficient of that stage 
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flow rate through ihc tlcvit e in too higli. Thra** orrorn arc caused liy : 



a. Anisokinetic flow through the impactor 

b. Over isokinetic flow through the impactor 

c. Under isokinetic flow Hrough the impactor 

d. Scouring and reentrainmcnt of particles deposited on stage plates 

34. The maximum total angle of radiation that can be projected by the lamp assembly of the 
transmissometer is known as: 

a. The angle of trajectory 

b. The angle of declination 

c. The light scattering angle 

d. The angle of projection 

35. How is IransmitUnr.e rolali d lo o,>acity? 

a. trammittance = lOgjQ 1 

(1 -opacity) 

b. transmittance/opacity = - naql 

c. % opacity = 100% - % transmittance 

d. % opacity = % transmittance - naql 

36. A transmissometer will provide information on mass emissions from a polluUnt source for 
a given time period if: 

a. The neutral density filters are calibrated to 3% and the particle characteristics do not 
change. 

b. A reference light source is used and the particle characteristics do not change. 

c. The manufacturer supplies a calibration chart, 

d. The optical density can be correlated to grain loading and the particle characteristics 
remain unchanged. 

37. If a post-leak check of a Method 5 train gives a value of .032 cfm, 
the test should be: 

a. Rejected without question, 
b* Accepted without question* 

c. Accepted, if Vm is corrected, using the leak rate value 

d. Accepted, if Vm is modified by averaging the pre- test and 
post-test leak rates. 
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IV foUowing queitionH «rr related to the diagram of the Method 5 Sampling Train. Questions 
vary in complexity from aimple identiBcation of equipment to other* that tert underaUnding 
and comprehension of equipment uae. 





6 't' 
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38. When performing an KPA Method 5 test, in order to draw a wanple through the sampling 
train at a controlled rate, the by-pasa valve is: 

a. Turned all the way off 

b. Turned clockwae from a fully open position 

c. Turned counter-clockwise from an off position 

d. Turned to a fully open position 
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39. Wh4t ii the function of thv. orifice meter in tt Method 5 teat? 

a. It is used to eliminate correcting the sample volume to standard conditions 

b. It is used to determine the value of K of the isokinetic rate equation during the lest 

c. It is used to determine the flow rate of the gas through the sampling train 

d. It is used to determine the flow rate of the gas in the stack 

40. In the EPA Method 5 Sampling Train, what are each of the impingers filled with and what is 
the correct order? 

1 ^ lOOcc HgO, 2 - Dry, 3 ^ lOOcc HgO, 4 ^ Silica Gel (lOOg) 
h. I lOOcc HgO, 2 - 200cc HgO, 3 ^ Dry, 4 - Silica Gel (200g) 

c. 1 - lOOcc HgO, 2 - lOOcc HgO, 3 f)rv, 4 - Silica Gel (200g) 

d, 1 - 200cc II2O, 2 ~ 200cc H2O, 3 - Dry, 4 ^ Silica (Jel (lOOg) 

41. AH leak checks for the sample train should be conducted: 

a. From the nozxir inlet with all train components at operating temperature 

b. From the filter inlet at room temperature 

c. From the probe inlet at ambient temperature 

d. From the noeele inlet at ambient temperatuir 

42. The post-test leak check at the highest vacuum recorded during the stack test is: 

a. An unnecessary and useless procedure because it is not required by present 
^ regulations 

b. A postib!e sotirce of error creating particulate penetration through the g^ass mat filter 

c. Required in the August 18, 1977 Federal Register revisions to Method 5 

d. The work of a novice tester unaware of the poesible problems 

43. The August 18, 1977 Federal Register gives guidelines on the type of sampling probe liner 
tliat may be used in the Method 5 sampling system. It recommends that probe liners be: 

i). Bomsilicate glass 

h. iiorosilicate glass or stainless steel 

c. Quartz glass or stainless steel 

d. Borosilicate or quartx glass; stainless steel with the approv<U of the administrator 
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U. T\u' hMlrrttI Mvp^U'T ffM'mt H fur Mi JIhmI 5 Mumc^l a j.rr-ti'Hl Irak « li^'k of tin- Httnipliiin Im 
'i'liv U'A. m;oinm<'tMliili(»iiK urv : 

a. A ItMk check of tl.c tmlire »y»lem >U oiM'.rating lempcralure and t v«cuum giig»' reading <»l 
15 in. ilg 

b A leak check of the entire Bystem at a vacuum gage reading of 14 in. Hg 

c. A leak check at the filter inlet at a vacuum gage reading of 14 in. Hg and maximum leak 
rate of 0.02 c6n 

d. A leak check at the filter inlet at a vacuum gage reading of 15 in. Hg and maximum l-eak 
rate of 0.25 cfm 



45. The F-Factor is: 

a. Uaed to determine the concentration of the stack gas. 

b. Peimitted by the Federal Register to convert cinissioiit* 
daU for FFFSG into the unite Ib/l(/> Btu. 

c. Uaed to calculate the rtack gaa volumetric flow rate 

d. Used to detennine the (pmr) pollutant mass rate. 



46. The EPA Method .'j Sampling procedure spccifiefl that the oul-of-etack filter temperature 
(unleu stated otherwise in the subparts) be maintained at 

a. ^ 250°F 

b. ^ 250°F 

c. No greater than 248"F 1 25"F 

d. 250°F 



47. Maintaining the filter at this temperatur« is: 

a. Part of the definition of "partiOulate" as the method is written 

b. Necewary to prevent sulfate foliation on the glass mat 

c. The best temperature to assure a leak-tight filter holder 

d. Easier than setting it at any o(her temperature 

48. The desired flow rate through the Method 5 Sampling Train is 0.75 cfm dry air at 68°F and 
29.92 in. Hg. These conditions are designated by a single tenn A H<®. Solving tlie orifice 
meter flow rate equation for a A H<a that meets th., stated conditions we find: 



A % 



m 



b. A H(s = 1 



m 



r. A Hn) 0.9244 
m 



m 



rii J 



4n 
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KEY POST TEST 



#450 



3 DtS 

each 



all others 
2 pts 



L l^b e d 


26. 


^b c 




27. 


a^c d 


• b^d 


2& 


a b e ^ 


• ^c 


29. 


a b^d 


5. ^b e d 


30. 


a^c d 


6. ^b c d 


31. 


^b c 


a b c ^ 


32. 


a b^d 


8. a b^d 


33. 


a b c% 


9. a b^d 


34. 


a b 


10. a^c d 


35. 


a b^d 


11. a b(^ d 


36. 


a b 


12. d 


37. 


a b^d 


13. a b^d 


38. 


a^c d 


14. ^b c d 


39. 


a b^d 


15. a^c d 


40. 


a b^d 


16. a l>^<i 


41. 




17. a b 


42. 


. bl^d 


18. 4^b^d 


43. 


a b 


19. 


44. 


^b c 


20. ^b c d 


45. 


«^ c d 


21. d 


46. 


a b^d 


22. a ^ c d 


47. 


bed 


23. ^b c d 


48. 


a b^d 


24. a IP c d 






25. a b c ^ 


4;/ 
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ANSWERS TO ADDITIONAL PROBLEMS 
Given as Homework 
(See Workbook pages 175-181) 



PROBLEM n 

Stack diameter: 16'' 

Upstream to nearest disturbance: 54" 

Downstream to nearest disturbance: 125" 

Diameter: Upstream: 54" » 3.37 eq. Dia » 8 pts 
. • 16" 

Diameter: Downstream: 125" « 7*81 eq, Dia « 10 pts 

16" 

From Figure //l-l of Federal Register, calculate 10 traverse pts. 

• choose 12 traverse pts. Because the nuiuber has to be a 
multiple of 4, 



1st Traverse ^ 
Diameter 



V 



2nd Traverse 
Diameter 



erJc 
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Sample Point 
Number 


Circular Stack 
% Diameter 


Distance from 
Sample Port 
Opening in. 


1. 


lA 


0.044 


0.70" 


2. 


2A 


0.146 


2.33" 


3. 


3A 


0.296 


4.73" 


4. 


4A 


0.704 


11.26" 


5. 


5A 


0.854 


13.66" 


6. 


bA 


0.956 


15.29" 


7. 


IB 


0.044 


0.70" 


8. 


2B 


0.146 


2.33" 


9. 


3B 


0.296 


4.73" 


10. 


4B 


0.704 


1 1 .26" 


11. 


5B 


0.854 


13.66" 


12. 


6B 


0.956 


15.29" 



I 



PROBLBt #2 



p prp-r 



V3 - S 1/ sJ: Kp - 85.A9 

s s C = 0.845 

P 

Tg = 303 + A60 = 763 R 
Ap = 0.15 

= 30.3" Hg 

= 0.44 aco^) + 0.32 (XO^) + 0.28 (%N2 + % CO) 
» 0.44 (14.2) + 0.32 (5.0) + 0.28 (80.8) 
'1^ = 6.248 + 1.6 -f 22.62 
» 30.47 

M = M, (1-B ) + 18 B 
s d ws ws 

M = (30.47) (1-0.07) + 18(0.07) 
s 

= 28.34 + 1.26 
= 29.59 



V = (85.49) (0.845) l/ 1 763) (0. 15 l,_ 
s y (30.3) (29.59) 

..24 \fW^ 
y 896. 



= 72.^ .. 

.79 

72.24 Vo.128 



25.81 ft/sec. 



% - '''' (^-\s) , 7 \ P . / 

s (avg) \ std ^ f 

- 3600 (1-0.07)(25.81)(A) (||f)( f^J 
16 " 

Diameter = = 8" radius 

Area = tt r^ 

= (3.14)(8)2 = |Pf-«3^_^i^ = 1^0 ft 

144 sq. in./sq. ft 

'528V3O.3 \ 



- 3600 (1-0.07)(25.81) (1.40)^|||j^||- 
= 8.48 X 10^ ff^/hr. 



" (Vg)(A) = (25.65 ft/sec)(1.40 ft'^) 



92; 



= 35.91 ft^/sec. 
(35.91 ft-^/sec) (3600 sec/hr.) 



1.29 X 10^ ft"^/hr. 
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PROBLEM #3 

V„ - K C 1/ :^-r 
8 P P r PgM^ 



p 






C 

P 




0.842 


T 

s 


a 


300 + 460 = 760 


Ap 




2.5" H,0 


P 

s 




30.1 +/-15.0 \ 
\ 13.6/ 



« 28.99 



M 



0.44 (%C02) + 0.32 (% + 0.28 (% + % CO) 

% = 17 

%0,^ = 2 

% N = 100 ~ 19= 81 

0.44 (17) + 0.32 (2) + 0.28(81) 

7.48 + .64 -i- 22.68 

30.8 



M - M, (1-B ) + 18 (B ) 

s d ws' ws 

= (30.8) (1-0.12) + 18 (.12) 

= 27.10 + 2.16 

- 29.26 



(85.49) (0.842) 

^00 



(71.9826) 



l /l90( 
K848. 



(760)(2.5) 



99) (29.26) 



36 



= (71.9826) (1.4965) 



107.72 ft/sec 
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PROBLEM #4 



collected m impingers: 75 ml 
collected in the silica gel: 25 g 



Volume - 40.20 ft"^ 

P = 30.0" Hg 
m ° 

T = 100 ^^F + 460 » 560 °R 
m 

Vstd)=V Ys^= (17.64) (1) (^0.20) (30.O" H^) 

= 37.991 SCF 



= 3.53 ft^ 



(0.04707 ft^/ml) (75ml) 
3 



^'^^ ^wsg(std) = (W^.-W^) 



=(0.04715 ft^/g)(25 g) 
= 1.18 ft^ 



V , V 
(J) g , wc(std) -f wsK(std) 

V(std) \sg(std) \(std) 



3.53 -I- 1.18 = 4.71 = .1103 

3.53 + 1.18 + 37.99' 42.70 

.11 03 X 100% = 11 .03% 
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PROBLEM it 5 

(a) C 



p(8) p(std) f Ap 



1^ 



(std) 



(s) 



0.851 



(b) « 0.44(%CO2) + 0.32(7.02) + 0.28 (%N + X CO) 
= 0.44 (13) + 0.32(6) + 0.28 (80) 

_ c T It AO 1 on / 



30.04 Ib/lb-mole 



(c) M = (1-B ; M, + 18 B 

s ws d ws 

= (l-.l) 30.04 + 18(.10) 

= 27.036 + 1.8 



28.84 lb/ lb-mole 



S S w 



« (85.49) (0.851) 
= (72,75) 




810 



(29.00)(28.84) 



if 



59 



■■= (72,75) (0.984) (0.768) 



54.98 frVsecl 



(e) 



/T 

3600 (i-B ) V A ,' 



stid 



I P 



0.59 



s(avg)/ \ std 



'528\ 


/29 


.00 


810i 


I 29 


.92 



' 3600 (.9) (54. 'JH) (1200) (.652) (0.969) 
|l^. 35 X 10^ D SCF l^ 



•19 



PROBLEM //6 

Pftar M_ (29.5) + 

Vn,rc^H^ = ^1^ 13.6 = (17.64) (1) (50) 13.6 

m(std) 1 m ^ 

m 

= -^^6 . 6A D'SCF 
= 0,04707 (100) = 4,707 SCF 



4,707 4.707 
\s " 4.707 + 46,64 " Jf343 " 



.0919 X 100% = 9.19% 



(0.0215 g/ft^) (15.43) = 0.033 gr/DSCF 



(d) %I = 100 X ^sVstdlAtd 



T ^ ,v F 9 min. (60 sec/min) A (1-B ) 
std s s ^ ws 



= 100 (760) (46. 64) (29. 92) 



(528) (48) (29) (60) (60) (.00034) (1-.0919) 



= 1.06 X 10^ = 0.1297 X 10^ 
8.17 xToS" 

= 129.7 %I 




LESSON PLAN 




TOPIC: WELCOME AND REGISTRATION 



COURSE 450 - Lecture I 
LESSON TIME- 30 minutes 
PREPARED BY 

Giuseppe J. Aidina 



DATt 10/2/78 
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Lesson Goal : 

Allow students to introduce themselves to tb^ class; determine the actual 
level of job experience in the cl?ss - the number of stack tests in which 
each student has participated. 

Lesson Objectives : 

Each student should know: 



1. The following information: 

a. Organization presenting the course 

b. Organization providing the funds for the course (e.g. - EPA Manpower 

and Technical Information Branch) 

c. Organization providing the course materials (e.g. Northrop Services, In 

under contract to EPA) 

2. The name of all instructors and their affiliation 

3. The najttie and employer of each student in the class 

4. Phone number where a student may receive messages 

5. Requirements lor passing the course 

a. Completed registration card 

b. Pre-test 

c. 95% attendance - minimum 

d. All laboratory work completed and turi.i»d In 

e. Post-test - 70% minimum passing gr:>^J 
f* Critique 

6. Teaching method in the course ~ problem solving; usin^', the basics 
learned in these lectures. 

7. All class materials 



a. Workbook 

b. Manual 



Quality afisurance document 
Agenda 

Selected handouts 



f. Note paper 

Federal Registers; 8/18/77; 2/23/78 

h. Registration card 

i. APTI chronological course schedule 
j ♦ EPA Traineeshlp Program Brochure 

1 • Location of 
/ a, Restrooms 

Refreshments 

8. Addrpss and phone nuTuoer (919-541--2766) of EPA - APTI 

MD-20, Research Triangle Park, C, 27711 as the place to contact 
concerning course materials and the EPA air pollution training program. 

Support Materials ; 

1. Student materials package 

2. Blackboard and chalk 



52 



1 


1 


m 






mm 




II 


^-1 



CONTENT OUTLINE 

Course: 450 Lecture I 

Lecture Title: welcome and registration 



Page^ of — 

NOTES 



I, Introduce instructors 
A* Names and affiliation 

B. Experience 
C* Areas of expertise 

II, Explain relationship between the orj^anlzat ion presenting the 
course and EPA-APTI-MTIB 

III. Logistics of the course location 

A. Message phone number 

B* Restrooms 

C. Refreshments and restaurants 
IV. Introductions have each student stand 

A. Let student give name and employer 

B. Have the student describe stack test experience 

1. Number of tests or years in stack testing 

2. Level of participation 

a. Observer 

b. Engineer in the field 

c. Report writing 

C. Have the student describe what he hopes to get 
from the course 

V. Description of teaching methods 

A. Training 

1. Course directed at training studt^nts to perform 
a specific skill 

2. Methods used in the course will be expriclt 
not implicit 
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Cours0: *W Lecture 1 

Lecture Title: welcome and registration 



B. Instructors 
!♦ Will bu there to help student become trained 

2, Will add their experience and expertise to the 
training 

3. Encourage questions 

C . Approach 

1. Teach the basic math and sampling techniques 

2. Solve new problems by applying these fundamentals 
VI. Course requirements 

A. Completed registration card 

B. Pre-- test 

C. 95% attendance - minimum 

D. All laboratory work completed and turned in 

E. Post-test - 70% minimum passing grade 
Course critique completed and turned in 

VII. Materials - havp students check that they have 

A. Manual 

B . Workbook 

C. Agenda 

D. Quality assurance document 
£• Federal Registers; 8/18/77; 2/23/78 

F. Note paper 

G. Registration card 
• H. Selected handouts 

I, APTI Chronological Course Schedule 

J. EPA Fellowship Program Brochure 
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NOTES 



VIII. Pre-test and registratlou 

A. Explain that the pre-tfest 

!• Tests what they know as they enter the course 
Does not count in the final course grade 



B. 
C. 



2. 
3. 



Will be correlated to post-test grades to measure 
actual learning in the course 



^» Students should not guess at answers 
Registration card - completely filled out 

Begin the pre~test and tell students to take a break 
after the test 



D. Collect all tests and registration cards - grade tests 
promptly and report low, high, and average grades 
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PREPARED BY- DATE 
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Lesson Goal : 

To introduce the student to the symbols and coimncn source sampling 
terms to be used in the course. To introduce the student to the 
basic EPA Method 5 Train and the basic concepts of gas physics 
needed for the comprehension of the course material. 

Lesson Objectives : 

The student will be able to; 

!• Locate the goals and objectives of the course in the course manual 



2, Dei c the symbols and coiranon source sampling terms used in the 
course. 



3. Recognize the basic features of the EPA Method 5 sampling train. 

4. Write the expressions for pollutant mass rate and emission rate, 
using symbols for stack gas concentration, stack gas volumetric 
flowrate, and heat input rate, 

5. Recognize the pitot tube equation on sight and understand the 
relative importance of the parameters in the equation, 

6* Write the ideal gas law equation and be able to describe the 
effects of changing pressure and temperature on a gas volume. 

7. Recognize the form of an ideal gas law correction equation. 

8» Recognize the importance of Bernoulli's principle^ gas visrosity 
and gas Reynold's number in Bourc*e sampling. 



Stud e nt Prerequtaite Skills : 

Basic ma themat 1 
Level of Instruction : 

College Undergraduate Science 57 

ERIC 6^ 



Tntended Student Prdfeeslonal Background: 



High school math and high school or collie general science. 
Support Materials and Equipment ; 

1. Course workbook 

2. Course manual 

3. Projector 
Special Ins tr ue tiong: 

This lecture lays the foundation for the rest of the course. Stress 
on the ideal gas law equation is important. It has been found necessary 
to review the Method 5 Sampling Train before Lesson 3, since some 
students may not be familiar with the terminology in the lecture. The 
detailed explanation of the sampling train in Lesson 3 supplements this 
earlier introduction. 

References : 

None. 
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The purpose of this lecture Is to introduce the sttidents 
to the EPA Method 5 train, source sampling terminology, the reasons 
for obtaining Method 5 data, and to review the ideal gas law 
equation. 

I. Review of course objectives 

A. Symbols and terms - objectives 
R. Calculations 

C. Equipment familiarity 

D. Isokinetic sampling 

E. Doing the source test 

F. New methods 

II. Methods of source sampling 

A. Methods of monitoring source enuBsious 

1 . Manual 

2 . Extract ive-cont inuous 

3 . In-situ-continuous 
A. Remote sensing 

5. I'Ong path 

6. Visible emissions observations 

UK B. The manual method for particulates - EPA methods 

1. Review Method 5 Train show flow 

2. Define each of terms used - pitot ttibe, orifice 
meter, etc. 

3. Define isokinetic s:m})lin^^. - 

iso - same as, kinetir - pertaining to 
motion. State that purpose of M5 train 

Is that V = v 
n s 

4. Show slides of train 

Point out significant features - 
orifice meter, fine control knob, filter 
hoi del 

■ ^ — — ■ -^r^i 
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NOTES 



Students to turn 
to page 3 

workbook 



slide 



L2-la-f 



Turn to page lA 
of workbook 



L2-2 



Diagram on page 18 



1,2-3 
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III. Nomenclature 

A. Symbols and subscripts 

1. Review symbols and subscripts - defining 
important terms such as Ap, AH, AH . etc. 

2. Stress that they are using English units since 
equipment is designed that way - not a course 
in metric conversion 

3. Define standard temperature = 68^F and pressure - 
29.92 "Hg - define absolute T in and absolute 
pressure 

B. Pollutant mass rate and emission rate 

1. Reason for doing Method 5 test - to obtain 

concentration, pollutant mass rate, emission rate 

a) Concentration c 

s 

_ quantity of jpollutant (mass) 

S quantity of effluent gas (volume) 

units: grains/ft lbs/ ft ^^^3 
note: 7000 grains = 1 lb 

b) Stack gas volumetric flow rate Q 

quantity of effluent 
Q _ g as pass in g up stack (volume) 



time 



ft 



3 



hr 



etc . 



Q = A V 
s s 



/ 



2 3 
ft X ft ft 

hr ' 




area of stack stack gas velocity 



12-7 
L2-8 

Nomenclature on 
pages L0~13 oi work 
book 



Write on chalk- 
board or 
OH projector 



Wr 1 te on chalk- 
b(jard 
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Lecture Title 



INTRODUCTION TO SOURCE SAMPLINd"^ 



NOTES 



c) Pollutant mass rate 



pmr 



quantity of pollutant (mass) 

— = pas sing up stac k 

s time 

lbs > grains , grains 
hr hr hr 

d) Relationship of the three nn1t« 



pmr 



s ^s 



lbs fff^ 
>tr^ hr 

\ 

V 



lbs 
hr 



A V 

B 5 



Stress units and 
unit cancel lat ion 



e) Emission rate - NSPS unlts^are given In terms ot 
the weight of emissions/ 10 Btu heat input 



pmr 



tl = heat input rate = 



lbs 



l_0^^tu 
"Hr 



lbs 



10^ Btu 



10 Btu 



Sec c i-'ui sf in auD.i 1 



t)l 
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Course : ^50 lecture 2 ^^^*^^<f 

Lecture Title: introduction to source sampling 



f) Review of pollutant mass rate 

1,^ Refer to slide - pointing out the 

large number of variables in the test 



Point out necessity for isokinetic 
sampling 
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r Dint out pitot tube equation - make 

no attempt to derive - point out variables 

[Memorize] 

Comes from Bernoulli's principle 



NOTES 



L2-9 

Page 14 of work- 
book 

L2-10 



M2 



EPA 
M2 



/T A 
P^ M 



M2 M3 
M4 



Will do these in the laboratory 



ERIC 



Re-emphasize importance of emission rate 
calculation - This is the END RESJILI 



IV. Gas physics - review of concepts 
A. Ideal gas law 

] . Important in course 



PV = 



m 

'm' 



RT 



review terms 
review mole concept 



PV 
R 



= nHT 

(In. H_^)(n^_) 
lb -mole R 



mole = molecular weight In 
grams or pounds 



2. A trick 



P = 



m 
V 



RT 
M 



RT 



c concentration 

0(y 



I By now, stiuient^' 
iarc somewhat t. iroci 
'and almost satu- 
! ratetl - but this Is 
Ber 1 i t z and the 
instructor imist 
press <^n 



Wr i to on board 

Ft»w students uTtdcT- 
srand t ho conro^^t 
o{ the molt* 
St ross I ts Impc^rt - 
ance in cliomlst rv 



Ask studouts wha* 
c i s 
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Course: 450 

Lecture Title: 



Lecture 2 

INTRODUCTION TO SOURCE SAMPLIN(t^-<, 



NOTES 



B* CorrecLxng pressure or volume to standard conditions - 
very important 



1 



Do this derivation 



V 



corr 
to 
std 



nR 



^std 
> 

std 



staek r 



for the same number of moles (molecules) of gas, 
what volume would these molecules occupy at 
standard conditions, rather than stack conditions? 



corr 



nRT 



stjd 
nR T 



P 



SL.l 
....... 
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cc^rr 



V 



B stci 

s r"". t" 

std s 



Very important to ui lerstand this - esscni lal iv.u* 
understanding operation of Methtxl *S tr-''". 



Hernoul 1 1 *s pr !nc iplr 



C. Other terminology oi gas physics 

1 . 

1/2 mAv" 4- mg .Mi + VAp = O 
i'ltot tiibt* equation derived t r()irt this expression 

2 . V i scos i t V - II 



Kevnt^lds' number - N 



■ Refer students to 
viourse Manu^il - 

(Chapter i 
page lA 0 
Thev are nt>w tm*. 
saturated to cibsor 
any more mat he- 
» mat ics - Takt* a 
bro«ik- next ! ec t ure 
f*' he ;-^h(^w and 
tell t>as i ng ol t 
Note : S t udeuf s 
who h.ivt* had n^ 

■ prev ious i»xpi*i* i - 
ence in souTce 
sampl ing wi 1 1 : ci ■ 

' );et wh.it p:rr 

K mean» hv 
Tuesday at t ei uiUMi - 
Ri»v i ew t hf ilet i n i - 
t t (MIS on Of ( >is i iUi 
t hroughout t l;e 
coarse . 



LESSON PLAN 




Lesson Goal: 



To familiarize the students with the equipment used for EPA Method 5 
Particulate sampling; point out construction details required in the 
Vigust 18, 1978 Federal Register; illustrate equipment design factors 
.'luencing sampling accuracy and convenience. 

lesson Objectives : 

The student will be able to: 

!♦ List the construction and calibration requirements for the Method 5 
sampling nozzle 

2. List the nozzle, probe, pitot tube, and thermocouple placement 
requirements to minimize aerodynamic interferences 

3, List the approved construction materials for the nozzle probe, 
pitot tube, and probe liner 

A. Describe the probe locking system for preventing /.isaJ UMimunt: in 
the gas stream 

5. Describe the advantages and disadvantages of various tyi>es ul 
sample cases and glassware 

6* List the advantages and disadvantages of various material « used 
in constructing umbilical lines 

7. Describe the advantages of magnehelic gages for pressure mt*asui «.'r',ent s 
and list the requirements for using these gages In an KPA Method S 
Sampling System 

8. Compare the cost effectiveness of the jmograph and calrulatc^r 
Student Prerequisite Skills : 



None 



Support Materials and Kqu lpmeni: 
Course Workbook 
8/18/77 Federal Register 

3. Slide Projector 

4. EPA Method 5 Sgtmpl Lng Train - Nutech 
Special Instruct jon3 ! 

None 
References : 

Federal Register - Vol. ''>2, No. 160, August 18, 1977. ^^Standards of 
Performance for New Stationary Sources - Revision to Reference Methods 1-8 • 

The purpose of this lecture is to' familiarize you with EPA Method 5 
sampling equipment and its construction requirements given In the 8/18/77 
Federal Register. The descriptions will start with the sampling nozzle 
and proceed through the sampling system to thje Meter Console. 

At the end of this lecture you should be able to; 

1. List the construction and calibration requirements for the Method 5 
sampling nozzl e 

2. List the nozzle, probe, pitot tube, and thenriocouple placement 
requirements to minimize aerodynamic Interferences 

3. List the approver Lf)ast:ructi(m mater iais for the nuzzle probe^ 
pitoL tube, ami probe liner 

4. Describe the probe lucking system for preventing misalignment In 
the ".as stream 

5. Describe Ihv ulvautagtH and J. isadvantages of various types of 
sample .^ises and glassware 

& List the acivar.t ai;(\^-^ and d i.sad va^tage^3 of vari<»us materials used 
In ronsttucting umbiLl<;al lines 

7. Describe th(> advanta.i^es ot magnehel Ic pages for pressure measurements 
and list i\w requiremtMits fr^r uslnp, those >;a^-,es In an EPA Method 5 
Sampl ing Syst tMn 

H, Ci^parr Ih-* .-o::!- t ' 'oao^^s .>! tlio nM'j.o-M" ; ■ and (-alculator 
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II. 
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NOTES 



The Sampling Nozzle 

A. Must be made of 316 SS cr glass 

1. Seamless tubing 

2. Other materials must be approved by the Administrator 



Ref, KR 8/18/77 
page A 177 7 , 
paragraph 2,1.1 
and p 41781 para- 
graph 5.1 
(Calibration) 



t 



B« Must be button-hook on elbow design unless Admlnistra- Show nozzle during ^ 
tor approves otherwise discussion and | 

illustrate 

Must have sharp, tapered leading edge calibration 

2. Taper must be on the outside with < 30° tapei angle 

3. Constant internal diameter should be preserved 

C* Range of nozzle sizes should be on hand - 0.32 - 1.27 cm 
ID suggested 

D. Calibration - Record results in laboratory logbook 

1. Calibrated before Initial use in the field 

2. Using micrometer measure ID to nearest 0^025 xm 
(0.001 in) 



a. 


Measure 3 separate diameters 




b. 


Average the readings 




c . 


The difference between the low and 


high numbers 




shall not exceed 0.1 nmi (0.0().'» in) 


or 




nozzle must be reshaped 





3. Nozzles that have been nicked, dented or corroded 
must be reshaped and recalibrated 

4, Each nozzle must have a permanent identification 

i 

The Pitot Tube - '*S^^ TyP^* recommendtni ; otlu'rs may bt» used yith 
Administrator approval » 

A* Construction details and ca 1 ihr;it l(in pr(H-tHlur i\s .irc 
covered in the lecture im Reference Mi>tlu)d 2 



B. Position in relation to tlu» sampl inj.', nozzle Is of lnteI•^'^^t 
here (page 41764 8/18/77) 

i 

1, The nozzle entry plain- ir.usv he with or hi* ! ow 

pitot orifice i 



1. Centerline of orltlce ami nozzle mnst a^^rct- 

3. Minimum separation lor 1 cm diameter nt^z/U' anti 
pit9t tube is 1 *9Q cm . 
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III. 



IV, 



Position of pitot tube in relation to the sampling probe 
sheath and thertnocouple Is also Importan*-. . 

1. The probe sheath end and pltot orifice opening must, 
be separated by a distance of 7,62 cm. j 

2. The Thermocouple must either be offset 1.90 cm at 
the pitot tip or be no closer than 5*08 cm to pitot 
orifice. 

The Sampling Probe 

A. 2.54 cm in diameter is most useful and. prevents probe 
from becoming a flow obstruction in the duct. This is 
covered in more detail in RM 2 lecture. 



L3-2 
(use slide L7-5) 



illustrate points 
discussed with a 
sampling probe 



B. 
C. 

D. 



Should be 316 SS or equivalent 



J. 



Pitot tube should be firmly welded to the probe. This 
helps prevent pitot misalignment 

The probe should be designed to prevent accidental 
misalignment in the gas stream 

1. During use it is common to handle the sample train 
and probe 

2. Very easy to misalign some sampling systems 

3. A good probe will not allow itself to be twisted 
into misalignment 

4. Misalignment causes errors in velocity measurement 

5. Full evaluation of possible errors owing to mis- 
alignment covered in RM 2 lecture 

Probe should be designed to protect the liner and prevent 
accidental breakage ^ 

K Nutech System - glass liner is x\o\. exposed to atres^ 
and easy breakage I 

I 

2. Other systems - glass liner is mure exposed to 1 
breakage 



The Probe Liner 

A. Must be borosilicate or quartz gla.^-^s tubing 



Refer to RM 2 
discussion of pltot 
tube misalignment 
error 



E. 



Compare Nutech 
Probe - Sample 
Case interface 
to some other. 
Nutech System works 
very we] 1 . 



Reference : pa^e 
41777 FR 8/1H/77, 
paragraph 2,1.2 



K Must have neating system cagable of maintaining exi 
gas temperature of 120'V 14 c (248 + 25 F) . 

a. Exit temperature calibrated as shown in APTD- 
0576 

b. Administrator may specify other temperature 
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2* Borosilicate glass liners used up to 480°C (900°F) 

3» Quartz glass liners used from 480°C - 900 C 
(900 - 1650°F) 

B* Stainless steel liners (316SS) may be used with the 
approval of the Administrator 

The Sample Case 

k. Federal Register requirements 

1. Filter heating system capable of maintaining a ^ 
temperature around the filter holder of 120 + 14 C 
(248° ± 25°F) 

2. Temperature gage capable of +• i^C (5.4^V) accuracy 



Desirable features 
1. Light weight 

Good insulation -' hot and cold areas 
Positive probe alignment locking system 
Easy accessibility to all parts 
Good glassware protection 
Good electrical system 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11 . 



KOTES 



Nutech Sample case 
Incorporates many . 
of these features. ; 
It Is good for cla^s 
illustrations . 



Reasonably accurate thermostat for filter chamber 
and probe heater 

Single point monorail attachment 
Durability 

Flexibility for vertical or horizontal stack traverses 

Sometimes two piece construction is added convenience - 
able to separate heated filter and cold impingers 



C. Glassware - 2 types; decision dh wy-.v Is p':M'soiia 1 pr el vrt^oc-f 

1. Ball joint 

a. Standard type 

b. WcSfrks well 

c. Must use non-volatile silicone grease 

d. Grease is infonven i cut , messy, and can 
contaminate sample or catch particulate 
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Course: 450 Lecture 3 
Lecture Title, gp^ Method 5 Sampling Train 

2» Compression Fittings (screw type) 

a» More convenient 

b. Reduced contamination probability 
c» Ea^er to clean 
d. Can, however, increase breakage 
The Umbilical Cord 

A. The umbilical cord is simply a bundle o^ lines for: 
Vacuum tube 
2. Pitot tubes 
3* Electrical connections 
It is recommended that: 

1. Keep it simple - don't add too many lines 

a. Makes it heavy 

b. Hard to repair a broken line when so many are 
wrapped together 

2* Use heavy rubber vacuum tubing for the pump-lmplnger 
connection 

a. Not cut easily 

b. Not easily melted or burned 

3» Use Tygon for the pitot tube lines for the same 
reasons as B2 



The Meter Console 
A. 



Meter console encloses the gas metering system illustrated 
on page 41777 FR 8/18/7 7 Figure 3.1 

1. An enclosed system Ig not required but is usually 
easiest to use 

2. It is recommended that the meter console be a simply 
system containing i 

a. Flow control valves | 

b . Pump j 

c. Dry gas meter with dialfafle caxlbration of 0.11 
CFM/Revolution 
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^1 NOTES 



d. Pitot tube differential pressure gage 

3. Communication systems and thermo-couples are cheaper 
and more useful as separate components 

a. Lower initial cost 

b* Easier to repair and check 

c* Can be used for other applications without the 
full sample train 

B» Desirable features 

K Light weight 

2* Reliable leak free pump preferably oil lubricated 
fiber vane 

3^ Easy readability 

4« Good temperature controls 

5. Averaging dry gas meter thermometer (must be 
accurate to + 3°C (S^A^F) ) 

6, Rugged construction 
?• Good carrying handles 

8* Magnehelic differential pressure gages 

a. FR 8/18/77 allows magnehelic gages when they 
agree with 3 oil manometer Ap readings in the 
duct within 5% 

b. Very reliable when properly calibrated 

c. Easier to r^ad 

d. Less sensitive to vibrations 

e. No need to continuously recheck zero setting 

VIII, The Nomograph 

A* This course covers the derivation of the Isokir. **i(* rat<» " 
equation 

1. Nomograph is used to solve the equation tor AH ' 
based on the stack gas variables 

2, A calculator can solve the equation more accurately 



Nomographs must be calibrated 
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1. Check scale alignment 



2. 



Check accuracy 



C. 



Nomograph is an expensive specialized slide rule 



1. Calculator is more accurate and more easily reset 

2. Calculators can be used to work up other data. 
Nomograph does only one calculation 

This lecture has covered an overview of the EPA Method 5 
Sampling Train. We have 

1. Identified individual components 

2. Listed FR requirements 

3. Pointed out some advantages ard disadvantages of 
different equipment designs 
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Lesson Goal : 

Provide the students with explanations of the laboratory procedures to be 
performed in the Monday afternoon Laboratory. 

Lesson Objectives : 

The student will be able to 

1. List the procedures for applying reference Method 1 at circular and 
rectangular stacks 

2. List the steps involved in performing an "S" type pitot tube 
calibration 

3. Describe the procedures for wet bulb-dry bulb moisture estimation 

4. Calibrate the merer console orifice meter when the dry gas meter has 
been calibrated against a reference volume standard. 

Prerequisite Skills : 
None 



Support Materials and Equipment ; 

1. August 18, 1977 Federal Register 3. slide projector 

2. Blackboard and chalk 



4,450 workbook 



EF 
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Special Instructions : 

Refer students to FR during the lecture so they may mark Important Items 
References ; 

Federal Register Vol. 42, No» 160, August 18, 1977. "Standards of 
Performance for New Stationary Sources ^ Revision to Reference Methods 1--8. 



The success of the afternoon laboratory sessions depends upon a thorough 
understanding of the methods and procedures used. The experience gained In 
this laboratory will be very useful when actually performing an EPA Method 5 
test or any other type of sampling. You (students) will calibrate an "S" 
type pltot tube, calibrate the meter console orifice meter, perform wet bulb - 
dry bulb moisture estimates, and apply Method 1 guidelines for sample and 
velocity traverses* After completing the lab you should be able to: 

1. Select a sample site and sampling traverse polntzs following 
Reference Method 1 Criteria 

2. Describe and perform the calibration of a Type S pltot tube 

3. Calibrate an orifice meter 

4. Estimate the percent moisture in a stack gas 
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NOTES 



Course: 450 Lecture 4 
Lecture Title Discussion of Laboratory Exercls^JSpm>^^^ 



I. Reference Method 1 
A. Principle 
1. 



B. 



C. 



Lab exercise 
covered on page 21 
In the workbook 



2. 
3* 



Aid In making representative measurements from a 
stationary source 

a. Pollutant emissions 

b. Total volumetric flow rate 

Stack cross-section is divided into equal areas 
A traverse point is located in each equal area 



Applicability - The method may be applied to flowing gas 
streams in any duct, stack, or flue except under any of 
the following circumstances: 

1. Cyclonic or swirling gas flow (defined on page 
41758 paragraph 2.4) exists in the duct 

2. The stack is smaller than 0,30 m (12 in.) in 
diameter or the cross-sectional area is less than 
0.71 (113 in, ) 

3. The measurement site is less than 2 duct diameters 
downstream or less than 0.5 diameters upstream 
from a flow disturbance 

Description of Laminar Gas Flow 

1. 



Note paragraph i .2 
page 41755, fi/lSnr 
FR 

'} 

A description is { 
covered in the I 
procedures section ^ 
of this lecture ; 
(El), 



2. 



Laminar gas flow is a theoretical concept it may 
never exist in actual practice 

Laminar flow in a duct is described in thi« 
drawing: 




A hand drawing on 
the board is more 
effective, here, 
than a slide 



3. The **Bullet" shape of the gas is caused by friction 



Gas layer closest to the stack wall d Isa i pat ' This should remain 

some energy as friction and slow^i down • simple - try not tc 

j get bogged down 

The layer of gas above the boundary layt-r iu fluid dynamics 
proceeds to give up some energy contacting i 
the slower more viscotis boundary layer 



^ — 
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c. This action proceeds ^ theoretically - In a 

symmetrical manner across the gas velocity head 

4. It Is easiest to measure the velocity pressure of 
a gas when It Is In a flow pattern approximating 
laminar flow 

Flow Disturbance 

1 , A flow disturbance Is a \ 

\ 

a. Bend In the duct 

b. Expansion or contraction of the duct 

c. Visible flame 



2* At 8 duct diameters downstream and 2 diameters 
upstream of a flow disturbance 

a. Velocity head profile is assumed to resemble 
Laminar conditions 



Npte: Laminar flow 
mky not exist ever 
h\j\t at 8* and 2(i> 
the assumption is 
made that the flow 
reasonably resemblas 
Lamlnat 



b. The minimum number of sample pcJints may be used 
3, Draw flow disturbance at 8 4> and 2 4* 



1> = diameter 



8^ 



2t 



Point <uiL ihat thesa 
are minimum criterii 
There can be more 
than H4) and 2 j 

1 



Whi'u sampling at this 
point tlu' minimum i' d 
pts may ho used - 12 pts. 
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4, When sampling at a site other than 84^ and 2<f 

a. You will have to use the chart on page 41756 
to determine the number of traverse pL.,* 
required 

b* You may not sample at a site that does not 

have at least 1^ downstream and 0*54^ upstream 
of a disturbance 

Procedures Circular stacks 

U Determine the following 

a* Duct internal diameter - is it larger than 
0.3 meter ? 

b. Cyclonic flow condition using the Type S 
pitot tube 



2. 



1) 
2) 
3) 



A) 

5) 
6) 

?) 
8) 

9) 



Prepare differential pressure gage 

Connect pitot tube to the gage 

Position pitot tube orifice openings 
perpendicular to the plane of the stack, 
cross-sectional area-orifice is parallel 
to the gas flow 

At this point the "S" tube should show 
*'0" reading on the gage* (Equal forces 
will act on both orifice openings) 

If the gage does not show *'0" rotate.* the 
pitot until a "0" reading is shown 

Record the rotation angle from the 
original posit ton 

Repeat the procedure for all travorne pts. 

Assign traverse pts which require no 
rotation to reach "0" ga^t^ reading a 
value 0. 

Average all readings* If the average of 

all rotation angler, is greater than 10 

the duct has an unacceptable flow condition 



Use pitot tube for 
demonstration; Set 
page 41758 (directly 
below Figure 1*4) \ 



Duct diameters of '^straight run" from all 
disturbances 

Based on duct diameters straight run locate the 
sampling site 77 

^ 



a. Choose the most convenient site 

b. 8<l> and 24" not always possible 

c. Choose a site that will allow the least number 
of traverse pts, 

3. Use the graph on page 41756 to determine the number 
of traverse pts. for sampling. Use the graph given 
tor the appropriate duct internal diameter 

a. Remember when reading the graph that both 
upstream and dovmstream diameters from a 

disturbance are important 

b. You can always sample more traverse pts but 
never are you allowed to sample less than the 
minimum shown on the graph 



c . 



The number of pts. must be a multiple of 4 



d. This number is the total traverse pts. Half of 
these are on each traverse diameter 

4 Calculate the percent diameter into the duct from 

the stack wall for each traverse point. Refer to ^^8"^^ 

1-J on page 4175b. 

a. Use the table 1.2 on page 4175ft 

total, traverse .£ts ^ ts/diameter 
2 ' 

c. Find the pts . /d iameter in the table and 

multiply actual duct <^ by the decimal % shown ^ 

i 

duct 4 = 100 cm { 

I 

total traverse pt." = 12 
traverse pts/diameLer = h 

1st pt = 100 cm A 0.044 = 4.4 cm irom stack wall into the 
duct 

2nd pt = 100 cm x 0.146 = 14.b cm Into the duct 

5. Locate the traverse pts on 2 perpend Icuiar Refer to p^ige 
diameters one of which i« in the plane .f highest 41757 paragraph 
anticipated dust (.-oncent rat Ii)n 2.3.1 for details 

6. Note guides for location of traverse pts. within 
2.5 cm of the stack wall in paragraphs 2.3.1 and 
2.3.1.1 78 
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F. 



Procedures - Rectangular Ducts 
1. Check for cycloi^ic flow 



NOTES 




2. 



Calculate duct equivalent diameter 
2 LW 



E L+W 

Determine the duct diameters of straight run 



4. 



Check 450 workbook 

: problem section 

. which describes 

I- J ' balanced matrix 

V^e, rhe appropriate graph on page 41/56 to determin*^ procedure 

N^', cf traverse pr.3« 



page 165 



5. Refer to Table 1-1 for the required Balanced Matrix 
Calibration of the "S'' type pitot tube 

A* The complete details of the reference method 2 will be 
covered in lecture seven. 

1 All Federal Register requirements will be highlight (>d 

1, Today we want to give the procedure's for c:alibratioji 
cf the "S'' tube in the laboratory 



Equipment 

1, Standard pitot-static tube or -andtl Tube. 
Inclined oil manometex' (use only one) 
Calibration duct 
a. 



I.ab exercise 
covered on page 24 
in the workbook 



1. 
3, 



Must have at least 84^ and 2<t» straight run from 
disturbances 



b. 



Capable of steady gas velocity of 
(30-40 ft/sec) 



1 "/sec 



c. Ports must be arranged so Prandtl Tubo and 
"S" Tube would be at the same point in the 
gas stream 

4. Type S pitot tube attached to the sai.pl ing probe 

tube used in Wednesday's sobrce sampling lab, iurluctiiig 
the sampling nozzle. 

5 Laboratory data sheet 

Procedures 

1, Record identification nun.bers of all equipment nsod 
2. 
J. 



Level and ze^o the manometer 
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7. 

8. 



10. 
11. 
12. 
13. 

14, 



4. Leak check the system 

a. Prandtl tube and tubing to manometer 

b. Pitot tube and tubing *to manometer 

c. Recommended leak check is puaitive pressure at, 
impact opening and negative pressure at static i 
opening to 7.6 cm (3 in) H2O. 

d. Leak check should be stable for 15 seconds ; 

i 

Check the calibration duct for cyclonic flow | 



Mark Prandtl and ''S'' tube so they will be at the 
same p )int in the duct 



Mark legs A and B of the "S" tube 
Insert Prandtl tube 

a. Record Ap (when reasonably steady) 

b. Remove the tube 
Insert leg A of the *'S" tube 

a. Record Ap 

b . Remove 
Insert Prandtl tube 

Insert l^g B of the ''S" tube 

Repeat 8-11 until 3 pairs of readings are rotnpleted 

Measure duct static pressure 

Record 

a» All Ap readings 

b. Duct static ^ assure 

c» Duct gas temperature 

d- Actual barometric pressure at the site 



Make suire students 
keep all pitots 
properly level and 
aligned in the duct 
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15, Calculate 



a. C for the "S" tube for each reading 
P 



s) 

b. Calculate average Cp for leg A and leg B 



p(std) 



c. Average deviation for leg A and B 



0.01 



ti. Deviation between leg A and B 



- C I 
n p 



16. CaKalatf 

a . vtrlor i t y (ni/ stu- ) 



0.01 



V3 - tp'^ 



Mj; - ?9 for dry 
a i r 



avg 



b. VolunU'trli- fh^w ratt' (iii /Hour) 

1 



() = ihOO ( V ) A I 1-B ^ , 
s s s w.s 1 I 

t Bulb - Dry Bulb Moisturt* I\s t i .Tiii r 



std 



std 



A:. SUM.- 0 
ws 

1 01 t In .s ca 1 ci: 1 a I ir n 
\^'A\\K' '21 in workbook 



I'be Wot Bulb-l'^-y Bulb Terfmifiut* (cr pois(ur<- t i ma ( i lUi 
is nse<l in tb i.; 1 ahorat ory 

1. R<-i"errnc.'t^ Motbod A will ht- d i sru.'-^sfd l.iti^i 



^»vtt Hu]b-I)ry Bulb I .s L-.i'iv and r.iu k^v*- u x'.i»*>d tsiiiuit 
or tbo II 0 rt)nt*.-nt ot t lu* ^U:u'K ^^a.-* 1 



Tbv /. H ,0 In tbi- s(a« k is n.jlton';. law ot r.itii.>i 
I^ressuro 

V . r, 



1 . !^ 



li .0 



prtS.-UM l<» (•>t.il sv>; (i.i:; pi('-.*;ii 



1' i n • w<> I' Im ^ • u > k . -. I ! ( ^ w ' ; \\w < ■ . i 1 . ■ ' i i j : i f ■ ■ . ; . > ; ! : h ■ i . ^ ' i i 
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a* The saturated V^P.^^ q at constant temperature 
and pressure 2 

b. Latent heat of vaporization for HO 



The % H^O can be found using 



The calcuJation B 



W8 



, page 30 of Workboc 




Note : The wet bulb 
dry bulb procedure 
does not work in 
acid gas streams 



nual 



Psychometric chart page, page C--22 of Course M£ 
c. Nomograph page 32 of Workbook 
Procedure • 

1, Take drjr bulb temperature ' 

I 

2, Take wet bulb temperature 

"a. Preferably using tho same thermometer or one 
very similar 

b. Cover entire area Inserted Into the duet with i 
a cotton wick, tightly wrapped around the 
thermometer 1 

0. Saturate wlek in H^O before inserting into the 1 

duet I 

! 

ti . Watch temperature rise earefullv 

W>u>n temperature rise estops ru-ord the t i'm])erat ui i- 

t. Temperature will mnt Itph ti- fl^-e afttr t 

moineut ary p.iusf 1 

.i. i'iii' anv profi'tiure ^iv.-n in !M , ('ros>^ ^ lu'« k |.i o(-iniu|t- 
f i>r a^'j i'^ement 1 1 inti-ri'^r e<l < 

i } il l' Met ei (*al it>rcit i(Mi \ 

AiM'D " (r>/»i I a 1 iht at ivwi ;m , i . i i . i m-t- . ■. ..i . - . ; ^ 

( a 1 i 1)T a t ii)n 1 1 ' r 

1 . { •? i I i t iTi»*t r 1 

.\ \\\ V >',a s r!H' t * M 

i ,itvM'.} ! «)? V rxt'i t i --u' will a 1 5 : » » ' -i; ' 

I . Wi't t . ^•.t liu t (■{ ^ i 1 1 M; ! ' . - 



1 i \ V 



1)1 V >\a'^ Hu't I'-.'i T t j f Ml tutor { ,M y-.y 
r nuiit'd n-a i list .i -'A^ \ t ^^^-^ * ^ ^ 

. s:^ 



\ I. 



: a 1- s v*.'*' 1 i wIm ■?! t 
! )( * !i 1 1 r Mt 'W 1 . 
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V. 



3. We will calibrate orifice meter for the desired ' 
flow rate 

C. Orifice meter AH^ is a calibration factor. It is the 
pressure differential across the meter which allows 
0.75 flow rate at 29.92 in, Hg Barometric pressure 
and 68 F. 

D, Workbook shows equations used 




Workbook pa^e 33 



1 . Q - K 
m m 



m 



'r ah 



P M 
L m m 



2. Solving for AH at given conditions 



Procedure 



Km 



(29 .92) (29) 

528 



0.924.i 

-YT-" 



m 



1, Follow lab instructions 

2. Use form on page J6 of workbook 

K Solv€» eqiialiuns AH should fall wiLhin 1 , - 2,1 in^ 
H^O or there is prc^bably a mistake 

Closing Comments 

A. A large anjounl of Information has betMi presenteii very 
quickl y 

1, A great many things to (*(wer, howtwt^r, if c(^nfiisi(m 

exists it all vM)me to^u»ther by Wf^dnesUav 

, no NO'I lv,M omi' d isv'Muragrd 

I.ahor.itory will hr 

1 , 'h>c t ir 



instiMttojs will \\v\y witN -ill fnohlirr, 

•.Ml will v.r( .-o; {!1U: }; «'Mt - » I th." 1 \\^ ;r: V.Mi pfif \'\ •..> 

a pp 1 V \oi I r Si ■ 1 1 



Kxpi^rlenee has 
shown this is very 
t rai' 



i i ♦ I p t » ? \. 1 V f • ! ' ■• I *. « ■ T '"/'^ 

t » r • !i. ♦ • Mr » ■" ' I ' '•■■p ' ' ■ ' ■ ^ ' 



will br i 



r iw 1 : - r 



I i t lit ■ r ba v»' s i tui . Mit 
■ it > t h J s ! • ' I t ilt- In s 
p ^ » s i 1 ) 1 1 ' ♦ , i t u . 1 1 i I • ! I 

j( \\v \ « * :>r 

t < 'lit 1 M i . Ml f / > i f) J- 
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Sheet on page 41 
to be turned In on 
Wednesday morning. 
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L esson Goa l : 

To present the concept of isokinetic sampling, providing the rationale of why 
iL is necessary to sample isokine t ical ly for particulate matter. 

Lesso n Object lv»3s : 

The student will be able to: 

1. Define isokinetic sampling 

2* Illustrate why isokinetic sampling i« necessary when sampling for 
particulate emissions 

3. Stale how the particulate ctuuH^ntra t ion >',iven by tiic Method train 
will change when the sampling is perf(n"med over i sok ine t i <'a 1 1 y 



r.H 1 V 



4. Stale huw the particulate concentration given by Ihe Mc^thod ') train 
will change when the sampling is performed under isokint-ti 

St udejit J AKlL^J?- 

Ability lo ma.ltiply and divide 

Siip^nu t >latnir i a l s and l- cj^u ij^^^^^^ : 
.1 . ('.ourse wt^rkb(M)k 



S 1 idc pro jo(M or 
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special Instruct Ions ; 



This lecture is the first of a sequence of three lectures given on 
isokinetic sampling, Tuesday morning. The three lectures work extremely 
well together, if presented with a proper appreciation of how fast the 
students can grasp the concepts. 

References ; 

None 
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Review of previous day's material 

A. Ask following questions concerning M5 sampling train, 
I. Where is the orifice meter? 

Where does one read Ap? , AH? 
What Is Ap related to? 
What is AH related to? 



2. 
3. 
4. 
5. 



To warm up the cla^s 
it has been found 
necessary to first 
review some of the 
previous day's 
material . Conduct 
this part as a 
question and answei 
session. 

L5-1 



What is AH^? — students did this Monday laboratoryl Note: These 
not formally presented with it in lecture.} quest 



but were 



= K 



m 



I m 



m 



AH -iiy. 

m 



m 

m m 

P M 

m m 

T 



questions are 
i slanted so that th 
student may be 
better able to 
comprehend the 
Tuesday morning 
Lectures. 



m 



(29.92) (29,0) 
(460 + 68) 



6. 

7. 
8. 

9, 



What is the isokinetic sampling condition? 

V = V stress thisi 
n s 

Wliat happens in the impingers? 

Does the same amount of gas (volume) go through the 
nozzle as goes through the orifice meter, per 
unit time? 

How does the pressure and temperature change from 
the nozzle to the orifice meter? 



10. Wliat is pmr , E ? 

11. Write the pi tot tube equation 

12. What is the expression for a volume correction? 
Isokinot ic sampling 
A, Definitions ana principles 

1, Isokinetic 

a. *'lsa" - denotes equality, similarity, uniformit 

h. "kinetic" - nertain^- to motion 
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2. 



c. Isokinetic sampling is where velocity of " gas 
through probe nozzle is equal to stack gas 
velocity 




Principles 
a. 



Large particles tend to move in same Initial 
direction - have enough inertia to deviate 
from streamline paLtem 



b. Small particles tend to follow streamlines 

c. Intermediate size particles are somewhat 
deflected . 



Draw on chalk 
board 



d. This is watered down aerodynamics lur purpose . 
of this lecture ~ a large particle "5 ym in j 
diameter - sraall particle * x \m in diameter j 
(This corresponds with KFA's feelings for 
large and small particle definitions but youj 
may get some argument) j 



B. The Example 
1. 



: Reier b.u-k to 



100'-^'. Isokinetic samplinjj. what would be tlu- loncen-- 
trat ion col lected? 

Note: Assume a l..ii^;c p.-utich- wrirji^; ^> m.iss nu i I s 
.0 \ 



wi- i \\\\ i nr. 



V = V 

n s 



Mass rati- = M - (4xh) * (-'.x.n n 



iiKiss un 1 1 
mi nut c 



ERLC 



I'Mow rate - ^\ 



.'.concent rat ion 



1 t" t /minuU- 

nuiss rat e t hr{>u^b no// 1 c 
vt'lumetr Ic i lt)w rate t hrnui/.b nov^' 

.^'♦.1 mass units/njj^to 



8S 
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Plage Ji 

NOTES 



2. 



24.1 



mass units 



200% Isokinetic 

Larger volume collected per unit time - large 
particles not sliced out by nozzle, are lost. All 
smaller particles in volume are collected. 



V » 2v 
n s 



« 2 ft /min 



n 



(4x6)-f(8x.03) 



24.2 , . mass units 



Over isokint'lir v^ampllng gives cv)ncentraL ion lowt^r 
than true 



50% Isokinetic 

Smaller volume collected per unit time large 
particles don't follow streamlines, but punch into 
nozzle* 



V - ^ V 

n s 



Q « .5 ft /min 
n 



C 



+• (4x. 0 ]) 
=4 H . 2 nMvSs It) ijfiut es 



Under isnkiiii't if s-inip 1 i ii)'. >'.ivi'S hii'.ln'i i .'ni'Ut i .i- 
t. inn than r rue . 



L5-3 



L5-4 
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(Genera 1 1 za t ions ; 

a. 100% Isokinetiv gfc'ts r presiMit at 1 vt' p^u'tirul 
distribution oti flitter 

b, (.X'er i st^k ! iK»t i ~gt^t l(^wt»t wri>;|]t »M p.iMii 
pel" am(Miut o\ vt^lumr dur to h^ss iM l.ir^^i' 
part i r Ifs t hrv»iiy;h in^M t i.i or t 
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PflO^t'' 




c . 



d. 



Under isokinetic -get more weight of partu-lfs| 
per amount of v, lurae due to addition of large ; 
particles punching through streamlines. j 

These are generalizations -• may have exception* 
in special cases - refer to references given o* 
page 47 of course workbook. 



C The Question - Problem is, how does one sample isokineii<;a i ly .' 
- Given the EPA Method 5 train, how is it set up so that 



V = V 
n s 



Go immediately on 
to next lecture. 
Class should still 
be fresh and 
Interested. Don't 
take a break, or 
attention will be 
lost. 
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Lesson Goal ; 

To derive the isokinetic rate equation for the EPA Method 5 train, fr 
basic principles of the ideal gas law, and to present methods for its 
solution. 



Lesson Objectives ; 

The student will be able to 

1. Recall the basic equation for establishing the isokinetic rate, 
AH KAp. 

2. Explain Li:at gas passing through the sampling train undergoes changes 
of moisture -ontent, temperature, and pressure. 

3. Explain that the isokinetic rate equation is derived from the 
requirement that v must equal v , and that one obtains the final 
expression by substituting the pitot tube equation and orifice meter 
equation and by making proper corrections for pressure, temperature, 
and moisture content. 

4. Recognize the fact that a separate oquat exists for the determination 
of the nozzle diameter 

5. Calculate the value of D , the nozzle diameter, given the appropriaue 
input data, using a calculator or a alide rule 

6. Calculate the value of K and AH, given the appropriate input d.Ua, 
using a calculator or a slide rule 

7. Calculate values of D^, K, and <\H usini', a source sampl inj> nomograph 

8. State the assumptions ot tlie source sampling nomograph 

9. Check the accuracy of tho sour sampling no; ..graph and r^.'t ogn i 
the effect of errors in computed AH values on Lest results. 
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Intended Stud»nt B«ck£roundt 



High school math Ahd high Bchool or college general selenc*. Aetendence 

at lat day laboratory mandatory for comprehenalon of this lecture. 

Support Materiala and Equipment : 

1. Course workbook 

2. Slide projector 

3. Pocket calculator with square root function, for each student - 
or slide rule to do extended calculations 

4* One source nampllng nomograph for each student 



Special Instructions ; 

Some students may "turn off" when they realize you are going to derive an 
equation. Never tell them that you are doing a derivation - just do it as 
if it proceeds logically out of the last lecture - don't make a big deal 
out of it. Approximately h of the class will be lost or won't care about 
the equation after the derivation is finished (depending upon your 
pieaentation abilities). Immediately after the derivation, the students 
are to calculate the problem given on page 59 of the workbook. The students 
that didn't care, will now care very much, especially if you go around from 
student to student to see how they are doing. 



References: 



Yergovitch, T. W., "Development of a Practical Source Sampling Slide Rule", 
JAPCA 26 //6 June 1976, pp 590-592 
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I, Derivation of the Isokinetic Rate Equation 



A. 



D, 



AH - KAp 

get Ap from pltot tube 



The relationship between v and v^. Note t 
Set the AH cal5ula«-ed from this 




equation with the orifice meter. 
Ask following questions: 



This makes • v 



n 



n 



1. On what oil manometer do we read ftp? 
Ans. - red 

2. On what oil manometer do we read AH? 
Ans. - Yellow oil manomever 

3. How is the AH set? Ans. - with fine control 
knob, (students should know this from lab, 
but \ the class will not understand it : at) 

1 .V V * A V under isokinetic conditions 



n n 



n s 



What is the area of the nozzle? 



Therefor 
ttD 



n 



V ifl the volumetric flow rate through the 
^ nozzle 



What Is the vo lumet ric flow rate through the orifice mel 
AH 



ter? 



Q - k 

m 



V P M 

mm 



If the stack gas contained no moisture, how would 
be related to Q ? Would it be the same? No - because 
have change of temperature and pressure through the trai 
P 



Q - 

n 



ra 



T 
m 
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This is the core o 
course. Once the 
student understandf 
this concept, he it 
half way home to 
doing the method. 
Slower students 
may not grasp this 
until Wednesday 
afternoon. 



L6-2 



L6-3 



This equation was 
used in Monday 
afternoon lab and 
should have been 
reviewed In 1st ^ 
hour Tuesday mornlrig 
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lONTENT OUTLINE 

Course: A 50 Lecture 6 
Lecture Title: isokinetic Rate Equation 



For lecturer's 
information 
don*t give in 
class unless 
asked 



ERIC 



Since 



P V 
s n 



n RT 

8 8 



P V • n RT 

TQ m mm 



n • n (since have no H^O) 
am ^ 



n 



P T 

JE J9 V or Q 

P T m ^n 

a m 



P T 
m 8 

P T -m 
a m 




£• Niw, if 8 tack contains moisture 



n (1 - B ) - n (1 - B ) 
s W8 m wm 



L6-5 



n (1 - B ) » n if use silica gel i,e. the numbet 
8 ws m ■ 

of moles of gas at stack conditions is made up of 
combustion gases and water. The fraction oi 
combustion gases (1 - B^^) times n^, gives n^. 



Flow rate corrected -for T> P, and moisture, is now 
1 - B 

T 



n 



1 - B 



ws 



T P 
_8 m 

P 

m s 



Since 



P V n RT ^ V 
8 n 8 8 iti m 



n RT 
m m 



n. 



(1 - B ) 

J wm 

(1 - B ) "in 
^ ws 



n 



's\ - (1 - B„^) 



n RT 
m s 



but n 



P V 
m m 



m RT 



m 



L6-6 



Do not give this 
derivation In 
lecture unless 
asked. It is too 
involved and you ^ 
will lose most ot 
the cla^s if you 
give it it would 
also waste too much 
time. 
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f^ge. 



NOTES 
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H. 



J. 



therefore 



P V • 

s n 



n 



1 - B 



vnn 



(1 " 


B ) 




wa 


(1 - 


B ) 




wm 


(1 - 


B ) 




W8 


(1 - 


B ) 




wm 



1 - B 



ws 



P V 
m m 



m 



P T 

P T *m 
s m 



T P 
a m 

T P 
m a 



G, Solution is then: 

(1 - B ) TP 

^n " (1 - B ) TP 
ws m 8 

substituting for 

Now substitute for Q 



Willi 



AH 
m m 



IT D 



n 



n 



(1 - B ) 
wm 

a - B ) 

ws 



T P 
8 m 

T P 
m s 



m 



yT^AH 
PlT 
m m 



I. What is the pitot tube equation? 



8 



A 



Ap 
8 a 



Subatitute 
2 



ttD 



n 



K C 
P P 



V w 



vnn 

(l-B ) 

W8 



T P 

f P '^in 
m a 
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m m 
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s 



Course: 450 terture 6 
Lecture Title: The isokinetic Rate Equation 



■ mi 



ERIC 



K. Simplifying 



AH - ^ 



n 



TTR C 
■ P P 

m 



(1-B ) M T P 
ws m m 8 



(1-B M TP 

wm 8 8 m 



Ap 



L. Note moisture relationships for molecular weight 

M - M*. (1 - B ) + 18 B 
m d , wm wm 

M - M, (1 - B ) + 18 B^^^ 

8 d ws W8 



M. 



Substitute to obtain Isokinetic rate equation 

2 



AH 



n 



(i-B y fM.ci-B ) + 

ws d wm. 

wm L, d ws 



18 B 



wm 



le B 



N. 



0. 



Now want to get fa,bove equation Into a working form using 
all of our constants and variables ^. 



Define AH„ as the orifice pressure differential that 
gives 0.75 cfm of air at 68°F and 29.92"Hg 



Substitute values into orifice meter equation 
2 

f 1 

AH 



n - P 
Tn m ^ 

7^2" t" "m 
K m 
m 



AH 



^75 cfm) (29.92 In. Hr)(29. 0) 
@ " (460 + 680f)K^^ 



AH, 



.9244 
m 
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Lecture Title: The isokinetic Rate Equation p»D^^^ 



P. Assume the following 



B - 0 
wm 



m 



Page 5 of — 1 

NOTES 



•L6-:16 



K - 85.49 
P 



Q. l^klnetlc rate equation working form 





O 

r 








AH - , 


846.72 D>H^c/ (1-B„,)'^ 


T 

m 

T 

8 


m J 


. Ap 



R. 



S. 



Similarly, one can derive an expression for the nozzle 
diameter 



D 



n 



T C 
m p 



0-035 v\ (1-B^) /T^r 

'] V ^Ap 



s s 

— mmj 

P Ap 
s ^ 



Innnediately turn to page 53 of the course workbook and 
have the students do the lecture problem. 



Ans: 

M - M,(l-B ) + 18 B 



M 



D 



d ws' ws 
29 (1-.12) + 18 (.12) = 27.7 



0.0357 



n 



Q P \ , / T M 

m \ 1 / s s 

(1-B..J 



T C , 
m p J 



P 



I (0.0357) (.75) (30 .0) 1 7/(740) 27. 7~^ 
= V (5A0; (.85) .88 V(29.6) (.80) 



1 



L6-' / 



L6-18 



Do not take a 
break 



,241 
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Licture Title: The isokinetic Rate Equation ^""^ 



COilTENT OUTLINE 



choose .25" nozzle 
then r 



AH 



M T P 

846.72 dJ^AH C^ (l^VV 

* ^ r 8 8 tn 



Ap 




Tell the class to 
choose a «25" nosz^e 
after they have 
coiSpleted the firs^ 
part of this 
calculation 



. {846.72 (.a5)S.85(.85)^(.88)^|f;7(||§) (I^^J^p 



- 2.59 Ap 



AH - 2.59 Ap 



T. Ask questions: 

What do you do If Ap - 1.0 

.CO 
.60 



Say If moving probe from traverse point to traverse point 
- get new Ap's at each point, calculate and set new AH s 
at each point. 



How do you set the AH? 



• Now take a break. 
! Have each student 
' pick up a nomograpl 
during the break. 



Using the nomograph to solve the isokinetic rate equation 

A. The nomograph - A type of slide rule to do the calculations 
gi /en in I. Show several types of nomographs. Show 
several types of other slide rule calculators. Mention 
prices - Nomograph $140 

Slide rule $40 -> $140 

B, Assumptions of the nomograph 
1 . Assume 

C - .85 



m 



530°R 



AHg - 1.84" H2O 
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CONTENT OUTLINE 



€our$§: 450 U©tut« 6 



c. 



P - P - 29.92"Hg 
8 n 

M, - 29.0 
a 

B - .05 

W8 



Substitute into 



AH - 



get 



M 

4 2,, „ .2 d 
846.72 AH^Cp (l-B^^) ^ 



D 



m s 



6 ta 




AH - K^C ^ Ap 

^ 8 



« 5.507 X 10' 



C la a correction factor 
2. C Factor 

a. C factor corrects for AH^, T^. % H2O, P^, and 

b. C does not correct for Cp or 
Using the nomograph 

1. Compute C factor using data for previous lecture 
problem 

C should - .91 or .32 

2. Turn nomograph over - compute nozzle diameter 

D - .241 
n 

3. Compute K and AH using nomograph and choosing nozzl 
diameter of .25" 

K - 2.59 when Ap is set - 1 

Show use of nomograph to obtain AH from Ap's 

4. Nomograph check for scale alignment* Fill in table 



L6--19 



m 



Ask students value 
of C factor they 
obtain. 



given In slide 
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L6-20 
work along with 
students. Ask 
students for valuet 
obtained. 



L6-21 
Ask for student 
comments . 
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Errors in calculating AH 

U Calculator and equation, the best way 

a. Problems with battery discharging 

h. Punching numbers or operations incorrectly 
(Magnetic and programs mlnimlzie this) 

c. Soiling with fly ash (put calculator In plastiji 
bag) 



2. 



Nomograph 
a. 



b, 

c. 



Can get errors up to 10% of true for AH values 
this will contribute approximately a 5% error 
to the % Isokinetic, 

Check out nomographs at pretest meetings 

Many stack samplers are used to nomographs and 
find them tc be more convenient than calculate 



:s< 



3. Slide rule calculators 

a. More accurate than nomograph, less accurate 
than calculator. 

b . Smaller , convenient 

c. Problem with scales moving. 
A . Microprocessors 

a. Available through Radar - Glass irlaovations. 

b. Expensive. 

c. Save some work, but stack sampler not doing 
much during this period of test anyway. 

5. Choice of AH calculation method is that of individual - 
just be sure that method is done correctly. 



Ill* Assign homework problem - page 57 of Workbook. Ask to hand in 
page 59, with answers, Wednesday. 



NOTE: It is 
sufficient to do 
problems 1 & 3. 



/ 
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LESSON PLAN 




^0^: lt«vi«v nils RM2t RM4{ RM3 



COURSE: ^50 Lecture 7 

LESSON time: 2 hours 30 minutes 

PREPARED BY: DATE: 

Giuseppe J. Adlina 10/2/78 



<5f 



< 
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Lesson Goal t 

Illustrate to the students the proper methods for completing RMl and RM2, 
Explain the RM4 method for moisture determination. Explain the RM3 
procedures for gas analysis. 

Lesson Objectives ; 

The student should be able to: 

1. Fully describe and perform RMl procedures 



2. 

3. 
A. 
5. 

6. 



List all Federal Register requirements for pitot tube calibration, 
construction, and use 

Describe RMA procedures for moisture determination 
Use RM4 equations for calculation of B 



ws 

List the procedures for RM3 gas aaalysii^ 
Calculate and mathematically define 
a. 

b. M 

s 

% Excess air 
Prerequisite skills : 
None 

Level of Instruction ; 

College undergraduate science 
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Intended Student Profeslonal Background t 
(Senegal Seleftce 



Support Materials and Equipment 

1. FR 8/18/77 

2. Blackboard and chalk 

3. Slide projector 



Special Instruction ; 



4. A50 Workbook 

5. Standard pltot 

6. S-type pltot tube 

7 . Orsat apparatus 



Point out the Important sections to the students In FR 8/18/78. This 
lecture has a great deal of latitude. Students generally show Interest 
In all sections. Concentrate on areas of greatest student Interest as 
Indicated during the lecture. j^^^ 

References ; 

Federal Register - Vol. 42, No. 160, August 18, 1977. "Standards of 
Performance for New Stationary Sources - Revision to Reference Methods 1-8. 

This lecture Is divided Into several discrete sections: 

I. Review of the Sample and Velocity Traverse Procedures for RMl 

II. Detailed Evaluation of "S" Type Pltot Tube Calibration and RM2 

HI. Discussion of RM4 - Determination of Moisture in Stack Gas 

A. Procedures 

B. Calculations ^ 

IV. Discussion of RM3 - Gas Analysis for CO2, Excess Air and Dry 
Molecular Weight 

A. Procedures 

B. Calculations 

After the RMS discussion we will proceed to the laboratory for practic 
in using the Orsat apparatus for gas analysis. 
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CONTENT OUTLINE 

C9yr$»i 4S0 UetttV* 7 ' 

Lecture Title: Review RMil RM2t RM4; RM3 



I. Review of RMl procedures 

(The review should be done with the- Instiructor drawing the 
schematic diagrams necessary for RMl procedures from 

FR 8/18/77, Claas input should be requested to assist in 

making the drawings) . 

II. Reference Method 2 - Determination of Stack (Jas Velocity and 
Volumetric Flowrate 




A. 



Principle 
1. 



Average stack gas velocity is determined from the 
gas density and average velocity pressure head 



K C 
P P 



f 



P M 
s s 



Average 



2. The gas velocity and stack cross-sectional area are 
used in calculating the average standard dry gas 
volumetric flow rate 



3600 (v„)(A^)(l-B^,^) 



s s 



ws 



'std 
^std 



Note : V may be 
approximated 



Assuming P - 30; 
M « 30 ® 
- 0.85 

P 

V - 2*46 
s 



B. 



Applicability 
1. 



Not applicable to sampling sites that do not meet 
R>I1 criteria 



2. If cyclonic flow exists 

a. Install gas straightening vanes 

b. Calculate the total voiumetric flcwrate 
stoichiometrlcally 

c. Move to another sampling site 
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Course.' 450 Lecture 7 

Lecture Title: Review RMI; RM2; RMA; PK3 



Standard or Prandtl Bitot tube design specifications 

1. The Standard or Prand<;l pltot tube has specific 
design criteria accepted by the National Bureau 
of Standards 

2. (Point out construction details shown on the L7-1 

slide) 

3. The construction of this tube follox^lng these rrUer 
has shown 

a. Turbulence around the measuring orifices It 
does not occur to any significant amount chat 
could affect readings 

b. Gas stream orientation sensitivity is greatly 
reduced 

c. The calibration coef f icl.;-.nt (C ) is generally 
0.99 + 0.01 ^ 

A. The C of the standard pi tot tube may be determined 
by Nb8, however, the FR allows the user to assume 

C - 0.99 + 0.01 

P - 

5. An "S" type tube must be calibrated against a Prandtl 
or standard tube 

6. The Prandtl tube is not generally used for source 
sampling 

a. Static pressure taps may be plugged in a haavy 
particulate gas stream 

b. The long Impact opening section is difficult 
to get into standard diameter ports 

D. The "S" type (Stausschelbe) pltot tube 

1. 




Slide L7-1 



Note ; It is more 
convenient and 
clearer to students 
to refer to C as 
the callbratlbn 
coefficient 



The Federal Register now includes construction 
details for the "S" type tube 



2, The Federal Register describes 
Proper tube alignment 

Appropriate sizes of tubing for construction 
Preferred plane of ' .■> orifice openings 



a. 
b. 

c . 
d. 



Slide L7-2 



Proper configuration with the probe and sampling 
nozzle to minimize aerodynamic interferences 
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Sli('es L7-4 
L7-5 




CONTZNT OUTLINE 
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Lecture Title: 



LMtutc 7 

Review Waj HM2; RM4; 



RM3 




ERIC 



3. When all construction and placement requirements 
are met the baaallne coefficient C for the "S" 
type may be assumed to be 0.84. 
(Refer to FR page 41764, paragraph 4.1 and 4.1.1) 



3. 
E. 



How many calculated a C different than 0,847 

V 



Ask class laboratory groups: 
1. 

2» How much different? 

What conclusion would they draw? 
Calibration of the "S" type tube 
1 . Equipment 

a. Calibration duct 

1) Proper port openings 



2) 8 and 2 diameters minimum 

3) Capable of steady gas flow 

a) Single pt. calibration 700 Wmln 
(2000ft/'min) or about 30-40 ft/sec 

b) A pt. calibration - variable from 
180-1525 m/min(600-5000ft/min) at 
regular intervals 



Pitot tubes 

Inclined manometer - sensitivity is stated 
in paragraph 2.8 FR page 41762 



d. A mock-up port surrounded by circular graph 
paper is shown in these slides so we may 
discuss misalignment errors of the "S'' type 
tube. 
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Notej TO language 
states "eliminate" 
interfe^-ences, 
teferenc-s specifi- 
cally state 
"minimize" 

Students should 
recognize the need 
for ralibratlon of 
the "S" tube C^. 



Slide L7-6 

L7-7 
L7-8 



Note The single 
"pt. calibration is 
accurate to +3% 
above 305m/min 
and + 6% from 
180-305 m/min. A 
4 pt. calibration 
Is therefore 
preferable 

L7-9 

L7-10 - No need to 
dwell on sensiti- 
vity just refer 
students to FR if 
necessary. 

L7-11; L7-12 




CONTENT OliTLINE 



Lecture Title: 



lActur* 7 

Ravlew RMl: RM2; RM.A; «M3 




2. 



Procedures 

Check for duct blockage 



a. 



2% 



/ length of Probe 
%> Vln duct 



c. 



d. 



e. 



h, 
1. 

j. 



Duct area 



A /Probe \ 
/ ^ \ diameter / 



X 100 



b. Check for cyclonic flow - pltot tube may be use<] L7-13; 
as in |R or streamers can be effective U-'ik 

j 

Remember If the pitot tube la oriented as shown i L7-15 
a proper flow condition is indicated by a zero 
reading on the manometer 



The velocity profile across the duct may 
r-asemble these readings 

Mark the standard pitot tube and ''3" type so 
they will be at the same place in the gas 
stream 

Insert t^he standard tube with the "S" type 
tube removed and record the Ap 

Insert leg A of the "S" tube and record AP 

Repeat this procedure for leg B 

Collect 3 sets of readings for leg A 

and B at each velocity used for the calibration 



Plot the data for the readings 

a. This is actual NBS data for an "S" 
tube calibration 



L7-16, 17, 18, 19 



L7-20 



L7-21 



L7-22 



L7-23, 24, 25 



L7-26 



type 



b. 



K plotted against Reynold's Number gives 
a very detailed description of all gas 
parameters 

It is sufficient for source sampling 
purposes to plot K versus gas velocity 
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Lecture Title: 



Lecture 7 

Review RM^: RM2; RM4i RM3 




3« Misalignment errors 



a* 



During the course to this point we have I 
mentioned misalignment errors j 

1) The "S" type pltot tube does not measure 
the correct gas velocity vector unless 
It Is aligned parallel with the stack 
wall - perpendicular to the gas flow 

2) Turning the pltot tube out of pf^rpendlculaif 
giving It a yaw angle - produces velocity I 
measurement errors j 

3) We will evaluate yaw alignment errors. j 
Pitch errors are much less critical and j 
do not become evident unless gross pitch ! 
error Is made 



L7-29 
L7^30 



gas 



flow 



gas 



yaw angle 
L7-31 
flow 



pitch 
angle 



b. Examining the theoretical pressure distribution ] 
In a duct and the AP readings we would get i 
using an ''S'' type tube and rotating It through | 
90^ of yaw angle we can plot the data 



Stop on slide L7-33 and point out % error In velocity 
readings versus degree yaw misalignment. Cyclonic gas 
flow creates the same problems.^ 

Ask If there are questions on the method 



17-32 
L7-33 



III, 



This should strongly 
point out to the 
student the need 
for careful align- 
ment of the *'S'* 
tube and the 
problems caused by 
cyclonic flow. 



Discussion of Reference Method 4 - Determination of Moisture 
Content in Stack Gas 

It is necessary to determine stack gas moisture content 
measured volumes can be corrected to dry standard conditions 
and the volumetric follow rate of the stack gas can be calcu- 
lated on a dry basis • 

A, Principle - Reference method only 

1. A gas sample Is extracted 

2. The moisture In the gas Is removed by passing throufih 
t.he cooled Impingers (as In Method 5 train) 

3. The volume of H^O removed Is measured voluraetrlcal ly 
or gravlmetrlcally 
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er|c 



Lecture Title: Review RMl; RM2; RM4; RM3 ^'•f^^^ 



B. Appllclablllty 
1. 



The reference, method using the Mechod 5 sampling 
train Is designed for accurate rojlsture determination 
In the stack gas 

The reference method Is of tec conducted simultaneously 
with pollutant emissions me.«surement 

a. Method A Is actually combined with Metl.od 5 ! 
during a particulate run | 

b. Only the H„0 tr^ipped in the combined run is 
used for reference method moisture determiaation 

c. This means that even If RM4 is run along with 
Method 5 only the In the Method 5 train is 
considered reference method moisture 

The reference meti.od can yield questionable results 
in saturated gas streams or streams that contain 
H„0 droplets ; 

.1 

a. Under these conditions a second H^O determination 
is made ^ 

b The second H„0 determination may be done using 

stack temperature and a psychrometric chart , 
or vapor pressure tables or by alternate method 1 
approved by the administrator 

c. We used wet bulb - dry bulb 

1) Makes a good estimate of in the ges ^ 

2) Quick 

3) Only HO in Method 5 Is actual RM H^O 
so wet bulb-dry bulb is a good way to 

a) Save time 

b) Get H^O estimate for nomograph 
calculcations 

(■) Could be used as 2nd method for 
in saturated gas streams 
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5 



Plages — <7/-ai. 

NOTES 



Piocedurea 

1» RMA procedures use the RH5 s.^mpllng train 

2. The RMA system requires RM5 operation with the 
following variations 

a. Sample at a constant rate + 10% 

b. Traverse at least 8 pts in the duct 

3 

c* Sample rate maximum • 0,021m /mln (0»75cfni) 

d. Minimum snmple volume ■ 0,6 scm (21 6cf) 

e* Run time shall « RMS run time 

3» Since we will be operating RMS this discussion will 
be all that we alot to RMA 



Calculations 

!• The Ideal gas law 



PV * 



m 
M 



RT 



2. Solving for volume 



V - 



mRT 
PM 



3- Substituting q'^ii^ ' 
P H^O^llq RT 



m 



V - 

wc 



PM 



A. Then at standard conditions the H^O collected in the 
implngers can be converted to standard cubic volume 
by: 



a. 



wc 



(std) 



^std 
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b. Replacing known terms and solving 

3 

" 0.0A707 ft /ml 



(std) 




0.001335 ra 7ml 



5. 



The same equation Is solved to convert grams of H^O 
caught In the silica gel to vapor with the slmplifiec 
equation written: 



K2 - 0.04715 ft /ml 



0.001335 m /ml 



6. 



The dry ga;. volume metered at standard conditions is 



(std) 



P T 
^(std) m 



This is the equatioi 
in the Federal 
Register. To be 
completely correct 
it should include 
a dry gas meter 
correction factor (Yl 



The mole fraction of is then 



V + V 

WC. WSg 



ws 



_istda 

V + V 



(std) 



wc 



(std) 



^^S(3td) ^"^(Std) 



IV. Reference Method 3 - Gas Analysis for Carbon Dioxide, Oxygen, 
Excess Air, and Dry Molecular Weight 

RM3 gas analysis yields data used in calculating the percent 
excess air in a duct; stack gas molecular weight; and process 
emission rate using the F-Factor. 

A. Principle 

1. A gas sample is extracted from the stack 

a. Single pt. grab sample 

b. Single pt. integrated sample 

c. Multi pt. integrated sample 

d. Multi pt. grab sample 

114 



Note ; Tell the 
class that we will 
cover the sample 
procedure and 
calculations then 
go to the lab to 
practice the Orsat 



CONTENT OUTLINE 



Coans: 450 
Lecture Title: 



lecture '7 

Review KMl; RM2; RM4; 



r I 

Page ^ of^la — | 

NOTES 



2. The sample Is analyzed for COj, 
using ah Orsat analyzer or Fyrlte 

a. The Orsat must be used for 

1) Excess air calculations 

2) Emission rate calculations based the 
F-Factor 

b. Fyrite may be used when only the dry molecular 
weight of the gas is needed 

Applicability 

1. Applicable for CO^, 0., CO, excess air, and dry 
molecular weight aetefminations from fossil-fuel 
combustion processes 

2. May be used at other processes where other compounds 
are present in the stack gas If these compounds 

are not in high enough concentration to effect the 
results 

3. Other methods and modifications may be used with 
administator approval 

Procedures - Emission Rate and Excess Air 

1. Check the FR subparts for appropriate procedure 

a. Single pt. grab sample ^ 



Slides 

L7-34 » Orsat 
L7-35 - Fyrite 



F-Factor: 



s a 



covered la 
the course 



|20.9-%02JI 
.atei in I 



b. Multi pt. integrated sample 

c, Multi pt. grab sample 



2. The procedures given here are for emission rate 
and excess air determinations 

a. The data for these procedures is the most 
critical 

b. It is good practice to use these procedures 
for all determinations 

c. These collect the greatest amount of data 



Sample probe no 
closer than 1 meterj 
to stack wall 

At least 8 traverse] 
pts in the duct. 
Follow RMl 
procedures 
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3, Sample train - draw train shown on page 41769 
FR 8/18/77 

4, Train operation - general for all procedures 

a* Leak check the train at 230 inin Hg (10 in Hg) 
following paragraph 3.2.2 page 41770 




Position the probe at the craverse point 
turge sampling lines 

Sample at a constant rate and equal length 
of time at each traverse point 

Sample for the same period and simultaneously 
as the Method 5 sample 

Colxect at least 30 liters (ICF) of stack gas 



Analyze using the Orsat 
Orsat Analysis 

a* Analyze sample within 4 hrs after extraction 
b. Leak check the Orsat 

1) Bring bubbler solutions to reference marks 



See workbook 
Page 67 



2) Bring burette solution to mid scale and This requires 
record reading thorough instructor 

jexplanation 

3) Let apparatus sic for 4 minutes j 

4) If all solutions still at reference marks 
leak check is OK. Find any leaks noted 

Analyze the stack gas 

1) CO^ read directly as %Q.Q^r^ 

2) O2 is cumulative so 
%02 - (f^'O^ + - %C02 

3) CO is also cumulative so 
7 CO « (CO2 + O2 + CO) - (%02 + XCO^) 

4) is determined by difference 
100 - (CO2 + O2 + CO) - % N2 
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M, 



d* Calculations 

1« Dry molecular weight (M^) 
. 0.44(%C02) + 0.32 + 0.28 (%N2) + 0.28(%CO) 

2. Apparent wot molecular weight (M^) 



M - 



M.(l-B ) + 18(B ) 
aw w 
s s 



3» % Excess Air 



%EA 



- 0.5 (%C0) 



0.264(%N2) - + C*5(%C0) 



X 100 



Proceed to Orsat Laboratory - The Orsat- Lab is designed for 
practice only. Students will need Instructor demonstration 
of Orsat procedures and careful attention during the practice 
session. 
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This is the correct 
equation FR 8/18/77 
page 41771 Equation 
3-1 Is wrong* 
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topic: CALCUUTION AM) IHTERPRBTATI(jN 

OF % ISOKINETIC .<>^ - 



COURSE: 450 - Lectur<i 8 
LESSON TiME:l.hour 45 minutes 
PREPARED BY:j. j^huke 0ATE:9/2l/78 




Ul 



Lesson Goal : 

To present the concept of % isokinetic, derive the expression given for % I 
in the Federal Register, and present the method used for evaluating the 
adequacy of source tests which are not 100% isokinetic. 

I -sson Objectives : 

The student will be able to: 

1* Locate the equations for %I in the Federal Register and in the course 
workbook* 

2» Explain how the XI expression is derived. 

3. Explain the relative Importance of the variables in the %1 expression 
and point out which ones should be closely checked on the source test 
report. 

Illustrate the effect of underlsokinetic sampling on the measured 
pmr, relative to the true pmr. 

5* Illustrate the effect of overisoklnetic sampling on the measured pmr, 
relative to the true pmr. 

6. Evaluate whether a source test should be rejected or accepted, based 
upon the value of the % isokinetic and whether the emission rate value 
Is above or below the standard. 

Student Prerequisite Skills : 

Ability to multiply and divide and to have deductive reasoning ability. 

Level of Instruction: 



College undergraduate science 
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Intended Student Professional Background: 



High school math and general science. 

Understanding of previous day's material Is Important for this lecture. 
Support Materials and Equipment ; 

1. Course workbook 

2. Federal Register - Vol. A2, No. 160, August 18, 1977. "Standards of ^ 
Performance for New Stationary Sources - Revision to Reference Methods 1-8. 

3. "A Guideline for Evaluating Compliance Test Results"- A Monograph 
by R. Shigehara 

4. Slide projector 
Special Instructions ; 

This is an important lecture for agency people. The latter part of the 
lecture, however, is difficult for some reople. One should proceed carefully 
and slowly in this presentation. Hand out the monograph' by R. Shigehara 
at the end of the lecture - not before, or everyone will immediately turn 
off. For those who don't understand the lecture, the monograph will serve 
as a "cookbook" procedure for them. 

References : 
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% Isokinetic 

Derivation of the % Isokinetic Equation 

A. Expression given in Federal Register 
Refer to 42 FR 41782 August 18, 1977 
Equations 5-7 and 5-8 



B. 



C. 



D. 



L8-1 

Page 7 2 in workbook 



%I indicates how well the source tester was able to 
achieve the AH's required for isokinetic sampling. 

%\ is not an indication of the accuracy of the test. 
Ex. - If one drops the filter paper and loses particulate 
matter, this does not show up in the %I calculation 

%I value is Important to source tester and agency operator 
since it piovldes one of the bases for accepting or 
rejecting a test, as given in paragraph 6.12. 



Stress Point C. 



I 



1. 
2. 

3. 



If 90 < %I £ 110 tests are acceptable 



These concepts are 
difficult for some 
If E < standard and %\ < 90, test can be accepted, students. Explain 
(on approval by Administrator ) later, at end of 

^ . lecture. 

If E > standard and %I > 110, test can be accepted 
(on approval by AdrainlatraLor) 



E. Derivation 

V 

1. %I » — X 100 "definition" 

V 

s 

2. From the equation of continuity 



n 



n 



n 



L8-2 



L8-3 



3. 0 from collected data 
n 



0 « V + V 

e 

where 6 sampltm-; time* period 



^n sw meter cor rected 

e 
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% Isokinetic 



A. 



Correction of volume metered at orifice, tc stack 
conditions 

\ ( ^ 



orifice 
corrected 
to 

stack conditions 



_!LiLi)\v , 

D / meter 

ra / 



5. Correction for water collected in impingers 



V 



Ic 



^^H,0 = "H2O 



P V 

S SW 



M s 



and 



SW 



RT 



RT 



SW 



- V 



Ic 



'H2O 



L8-5 

stress that all am 
really doing is 
relating the volume i 
of gas going through 
the orifice meter 
to that going 
through the nozzle 



Note: i 
Vj ^ = volume of 

liquid collected : 
impingers and sili<Ja 
gel. Silica gel 
volume obtained 
from weight differ- 
ence using Fig. 5-: 
kl FR A1780 
Aug. 18, 1977. 



the volume of water vapor at stack conditions 



6. Substituting T & P correction Into Q 



L8~7 



T r 

% - f 

s 



V 

V K„ + 

J-^ m 



+ M 

li.6 



where K = — =.00267 iu Hg ft /ml K 



j point out value of 
1 K in paragraph 
6.12 so they will 
bel iuve you . 
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of % Isokinetic 



7. Substituting into %I expression 



10. 



%I 



n 



100 



n 



V A 
s n 



100 



%I » p- 

s 



Til 



^ ^ 13.6 )_ 



100 



A 0v 
n s 



8. %I - 



Federal Register Expression 

V 



100 T 



m / „ , AH_._ \ 
T [\ ^ 13.6 ) 



60 0 ^s^^ 



9. %I FR expression from intermediate data 



%I - K, 



TV... 
s m(std) 



P V A e(l-B ) 
s s n ws 



K = 0^09450 for English units 
4 



Special features of the expression 
a . A 



n 



. 2 2 
is in ft or m 



L8^8 



.8-9 



L8-10 



Note that all this 
is, is 

V 

— X 100 

V 

s 

/here v is obtained 
from V which is 
corrected back to 
nozzle conditions. 



(42 FR 41781 paragraph 6.1 nomenclature) 

Values for A should be extended to 4 or 5 
decimal places - be wary of rounding off» 

A source test observer should check the values 
of A , B and V , since small changes In the 
values can have a great effect on the value of 
%1. A source tester may attempt to alter the 
value of %I by modifying these input values, 
so that the test will be approved without 
question. The student should be warned about 
this. 
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of % Isokinetic 



Acceptable results 

!• Review of pmr 

m 

pmr « -5— AT 

n 



Q 



'Pmr is an older terminology. 
For pmr calculate by the 
concentration method, 
pmr is calculated by the ratio 
of areas method. 



^ 2. 



Effect of non-isokinetic conditions on the P^^^^easured 
value 



First consider small particles < 1 ym under 
or over isokinetic sampling will not matter, 
since particles will follow streamlines and 
m will not vary 



NOTES 



L8-11 



L8-12 



good review of 
Tuesday morning 
concepts 



b. Second, consider large particles > 5 ym 
under isokinetic sampling get too high a 
concentration because large particles punch 
into probe and collect too much mass for a 
smaller volume • This varies as 1/v 

Over isokinetic .jampling get too low of a 
concentration because get too few large 
particles for the larger volume collected • 
This v£.ries as 1/v 

c. If plot pmr , vs the % isokinetic, 

^ ^ measured 



d. 



pmr 



true 



obtain the plot of given on page 76 of Workbool^. 

An actual particle distribution will lie i 
somewhere in between • 



L8-12 



e. Question: 



If a test is done at 80% I and the value of th 
emission rate is below the standard, should th^ 
test be accepted or rejected? 

Answer: 

Accepted, since If the test was conducted at 
100% I, the value of the emission rate would 
be even lower. This is obvious from the graph 
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This is an extremeljy 
Important point* 
Efforts should be 
made to see that tHe 
students understanc 
this. 

Point out on graph, 
difference of 

pmr at 
^ meas • 

80% > pmr , 
measured 

at 100% 
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NOTES 



same comment 



If a test is done at 120% I and the value of t^ie 
emission rate is above the standard, should the 
test be accepted or rejected? 

Answer : 

Accepted, since if the test was conducted at 
100? I, the value of E would be even higher 
and still above the standard 



pmr , at 123 

^ measured 



pmr 



measured 



at 100 



g. Question: 

In the previous question, if the results of 
the test meant that a $5,000,000 piece of 
control equipment would have to be installed, 
would you still accept the test? 

Answer : 



Debate 



Note that if a test is not 100% Isokinetic, the 
value for C will be wrong. The above arguments 
are for an agency ^s use. 



If a source operator needed the information to 
size a particulate control device, the above 
arguments are useless in giving him the right 
answer. Paragraph 6.12 is only a consideration 
to be used for agency test approval, and doesnjt 
have too much to do with the value of the 
emission rate. 

Note also that if a test is 100% isokinetic, in 
no way does this imply that the value of C^, 
pmr, or E obtained, is the true value. Errors 
other than those due to not achieving the 
calculated emission rate may arise. 



These may be the following: 



1. Wrong input of variables into isokinetic 
rate equation will give wrong AH's. This^ 
however, will not appear in % I calculation. 

2. Errors in nomograph will similarly not shc^w 
up in % I calculation. 
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NOTES 



G. 



of % Isokinetic 



Causes of a teat not being 100% isokinetic several reasofis 
why a test may be out of isokinetic, are: 

1. Moisture guessed wrong in setting isokinetic samplitig 
rates « 

2. Inability to follow rapid fluctuations in Ap and 
corresponding calculated AH*s* Negative flow 

3. Heavy grain loading — plugging filter so can't 
achieve AH*s at end of the test. 

4. Large temperature variations not corrected iu rate 
calculation 

5. Leak In pi tot or sampling lines (broken probe, 
lopsided filter, broken frit) 

Handout - "A Guideline for Evaluating Compliance Test 
Results" - A Monograph by T, Shigehara, 



This is EPA policy and may be used as a guideline for 
administrative approval of tests < 90% or > 110% 
isokinetic. 
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LESSON PLAN 




Lesson Goal : 

To point out to students the legal and scientific definitions of 

a particulate. Show students how sampling train is set-up and how physical 

operation can affect the particulate definition. 



Lesson Objectives : 



The student should be able to: 

1. *Wrlte the Federal Register definition of a particulate given in 

the NSPS regulations. 

2. Describe the sampling train parameters effecting the definition 
of a particulate. 

3. Define "particulate" for the sampling train configurations given 
on page 78 of the workbook. 



Prerequisite Skills; 



None 



Level 3f Instruct ion: 



College undergraduate science 
Intended Student Professional Background: 



General Science 



Su pport Materials and Equipment ; 

1. Federal Register - Vol 43, No. 37, February 23, 1978, Part V, "Kraft Pulp Mill 



2. 450 Workbook 



3. 450 Manual 

♦Originally given in FR 12/23/71. Has been updated several times in various 
PR's. Best example is PR 2/23/78 Part V, page 7584 Introduction. 
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Ttw cou"« «P^« poittfe h«« -dealt, with th« ref erence^method 
procedures for particulate source sampling. We have tjresented the 
bulk of the procedurec required to get a sample from a stack gas. Now 
we want to direct mor« attention toward the type of sample we take and 
the various parameters which can effect the final emissions calculations. 
This lecture begln# this phase of the course. We will define a particulate 
both legally and scientifically. 
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Legal Precedent - The Clean Air Act 

A. New source perforwance standards i 

1. The Clean Act gives EPA a mandate to protect our ! 
air resources I 

2. The Act sets the policy for Standards of Performance , for^pre- 

a. The term "Standards of Performance" means a stan-j ^^^^ language 
dard for emissions of air pollutants which \ 

reflects the degree of emission limitation ' 
achievable through the application of the best 
system of emission reduction which (taking into 
account the cost of achieving such reduction) 
the Administrator determines has been adequately 
demonstrated , 

b. This is important for it indicates political i 
and economic realities which are reflected in \ 
the subparts pertaining to emission sources j 



Legal definition of particulate - FR 12/23/71 page 24878 
Subpart D, § 60, Al, (C) 

"Particulate matter means any finely divided liquid or 
solid material other than uncombined water as measured 
by Method 5." 

The legal definition refers to the scientific definition 
for particulate 

1. The legal definition Is stated in (B) 

2. The scientific definition is given by RMS 

3. Remember that the subparts give specific guides and 
requirements for sampling procedures at an affected 
facility 

4. These are all related to the Clean Air Act mandate 

a. The act does not state complete elimination 
of air pollution must be achieved 

b. NSPS requirements are written with control • 
equipment technology and cost in nind | 

c. The sampling methods can measure total ! 
emissions from a rource j 

d. The subr<irts specify t lu- saniplinv' methods used ! 
to test emissions 



Ask if anybody 
knows this for 
Federal and state 
regulations 



i Ask if anyone 
j readily distin- 
; guishes the 
i difference 
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NOTES 



e. The point is that the sampling method 

may not measure all emissions from source - I 
It tests emissions as required in the regulation|3 

f. The regulations may vary to give the source somej 
economic relief ; 

Example j 

1. The nominal operating temperature of RMS filter | 
holder Is 120^ ± 14°C (248° ± 25°F) j 

2. However, the FR IQK^Il^ page 46258 § 60.46, 5(b) 
states that RM at a fossil-fuel fired steam 
generator may have a filter holder and probe 
operating at 160°C (320°F) 

Does this effect the particulate catch? 

3. Yes 
Why? 

4. At 320°F and sulfuric acid mist will pass 
through the filter into the impingers 

RM5 includes particulates caught in the nozzle, 
probe liner, and on the filter mat 

can form sulfates on the filter mat at 
temperatures below approximately 270 F ^ 

H^SO, can be condensed on the filter mat ^ | 
and In the probe at temperatures below 250 F 

320°F assures neither or H^SO^ is included 

in the particulate catch 

1) An ESP alone would have a tough time 
Controlling these to meet NSPS 

2) An HSF and scrubber would surely handle 
this problem but can be expensive. 



a* 



b. 



d. 



3) This strategy Is now In line with the 
statement of reasonable cost factors 
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5. These Items Illustrate all the points we have 
discussed 

a. There is a legal and scientific definition 
for a particulate 

b. The scientific definition is RM5 

c- Particulates caught in RM^ are determined 
partly by 

1) Operating temperature of the probe filter 

2) Portions ot the train analyzed 
II. Sampling Train Configurations 

A* The sampling train set up, operating temperature, and 
segments analyzed effect the definition of particulate 

B. We want to examine several sampling train configurations 
to determine the effect on the definition of a particulate 

!• This may be important in designing source sampling i 
experiments 

2, It is important to be sure a sampling train meets 
the requirements of state and federal agencies 
when doing compliance testing 

3, It gives some background for possible modifications 
to a sampling system that may 

a. Make the job easier 

b. But not effect the particulate catch we would 
get using the straight RM5 system 

C. Sample Trains (workbook page 78) 

!• Reference Method 5 - Particulate defined 

a. Probe - filter temperature 

b. Analysis procedures 

2. Configuration I - Particulate defined 

a . Condenser conditions 

b. Analysis procedure 
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NOTES 



3. Configuration 2 

a. Probe-filter temperature 

b. Second filter may have particulate at condenser 
conditions 

c. Analysis 

4. Method 1 7 (Configuration 2) 
a» Stack temperature 

Analysis 

c^ May yield results significantly lower than RMS 



sampling method and Its relationship® to the Clean Air Ac 
mandate. The discussion shows that careful preparation 
go into planning stack tests t» meet test goals, agency 
regulations, and allow reasonable sampling procedures. This 
leads us into the discussion on designing a stack test and 
performing our laboratory. 



I 



jHand out Feb 23, 19^ 
FR on Kraft Pulp 
Mills at this point, 
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Lesson Goal ; 

To familiarize atudents with the procedures for designing, planning, 
and performing a staclt test; the basic operation of the EPA Method 5 
sampling train; and present a usable report writing format. 

Lesson Oblectives ; 

Thfc student should be able to: 

1. List the steps involved in designing a stack test 

2. List the information necessary in a pre-survey of the stack 




test site 



3. Recall the planning steps for a stack test 

4. Recall a usable report writing format 

5. Describe the basic procedures for performing an EPA Method 5 
test including filling t data forms and making calculations 

Prerequisite Skil ls; 

Knowledge of operating requirements for RM5 procedures and equipment 
(RMl, RM2. BM3, and RMA) 

Level of Instruction ; 

College undergraduate science 
Intended Student Professional Background : 

General Science 
Sup port Materials ; 

1. Manual page 7-1 ' 3. Programmed calculation sheet 




2. Workbook pages 80-81, 7 9 
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8p€cU1 iMtructionat 

^ z 

This lecture is an explanation of the manual and workbook flow 
charts* outlines and exercises for the EPA Method 5 test 

References : 

None 



This lecture will center on discussion of the flow chart on workbook 
page80-8I. This flow chart contains our thoughts and opinions on 
every aspect of planning and performing a source test. After we have 
discussed the Item*) on page 80 we will go on to the workbook laboratory 
exercise on page 82 • Writing a source test report will be covered last* 
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NOTES 



for the discuss lor 



Designing a stack test 

A* Determine stack test necessity 

K A stack test for compliance to regulations is obvious^ Use flowchart 

and these notes 

2. Often stack tests yield valuable process operation i 
data , 

Research the literature - Refer Lu flow chart section ; 
!• This is extremely Important 
2. Provides information as given in flow chart 
C. Stat, test objectives 

K With test necessity and research It Is now possible 
to write complete test objectives 

2. Objectives are extremely important 

a. Every experiment in science has objectives 
written prior to beginning the work 

b. Experiments are then designed to meet the 
objectives 

c. Experimental work then evaluated in terras of 
meeting, proving, or disproving the objectives 

d. Treat each stack test as an original scientific 
experiment - IT IS an original experiment 



, , I the test for 

Design the experiment - follow the flhw chart descrlptionM ^^^^^^^^^ 



Do a pre-survey - follow the flow chart 

1. A pre-survey is cftt'U overlooked 
a* To cut costs 

b. It Is assumed tlu-re will he no proMemn 

2. A pre-survey 

.i. (ian save time and monfy In Ww Innv; run 

b. Makes the job easier 

c. Allows much better planning <Hid experiment 
design 

Finalize test plans - follow tlu* flow chart 

— m, 



Stress tl^is point 
Take n<'> part of 



NOTE : 

This is not to imply 
that Method 5 is an 
experimental method 
I t has been wel 1 
proven and <i(Humentetl 
over the past 10 yrs 
The statements are 
^Jven to instl 1 1 an 
<it t i tude which is 
held by the authors. 
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G. Prepare equipment - this is obvious and we have been 
doing the type of preparation necessary in our laboratories 

!• An important point to make Is for the test team 
to carry plenty of epare equipment 

2. Test all equipment before leaving for the job site i 

H. Confirmations 1 

1. Travel and accommodations are extremely Important j 

I 
I 

2. Be sure the process Is operating at desired le/el , 
before starting travel , 

I. Arrival at the site - follow flow chart ! 

1. Inform plant contact of your arrival 

i 

2. Review the test plan with all persons Involved in 
the program j 

3. Confirm sampling site and process operation 

This concludes the first part of our lesson concerning the des]gn 
and planning of the source test. Now we want to proceed to 
the laboratory exercise on page 84. in the workbook to cover 
items on performing the source test. 

Equipment preparations 

A. Check the nozzle 

1. Round tip opening 

2. Calibrate the nozzle using a mlcromc^ter as described 
on Monday morning 

B. The sampling probe 

I, These items have been done by the laboratory staff 
to save time for sampling 



C. 



2. They should bt. checked routinely prior to use 
Sample case - again this has been done by the staff 
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D. The impingers are filled by the staff and assembled 
The procedure Is straight forward and you will get some 
hands on experience during the disassembly at the end 
o' the test 

E. Check the umbilical line and meter console 



F. The sampllnR train leak test 

!♦ The completely assembled sampling train Is now ready 
for a leak test 

2. For clarity we will go directly on with the leak tes 

a. At an actual test several tasks could he. 
performed while waiting for the train to 
come up to operating temperature 

b. A suggested sequence will be presented after 
we cover the leak test 

3. Bring all train components to operating temp, 

4» Turn the fine adjust valve fully crunter clockwise - 
open 

5« Be sure coarse adjust valve Is closed 
6. Turn on the pump 
1 . Seal nozzle opening 

8, Slowly open the coarse valve - fully open 

9. Turn the fine adjust valve (by pass valve) slowly 
In a clockwise direction 

10. Watch the vacuum gage as it proceeds toward 380 mm 
(15 in) Hg 

a. Do not exceed 380 mm Hg 

b. Tf you do exceed 380 mm Hg 

1) Slowly release vacuum at the nozzle or 

2) Leak test at the vacuum reached 

^* i2£ not tur n the fine adjust v alve counter 
c lockwise at anytime during the leak test 
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NOTES 




CAMPLING BXERCIOEC 



11. 



Time the leak rate using the dry gas meter and ^ This Is the basic 
a stopwatch. The leak must be less than 0.00057 tn / ^f^^^d in the tR- 
min (0.02 cfm) '"^'^ 



a* 



b. 



The procedure 
described therein 
is Dore elaborate 
and should be 
followed if wanting 
If it passes requirements record the leak rate ^^^^ ^y^^ letter 



12. After timing the leak rate 



and slowly release vacuum at the nozzle 

If the train has an unacceptable leak release 
vacuum at the nozzle then 



B. 



2. 

3. 
4. 



1) Track down the leak 

2) Re-test 
Organization on the stack and in the lab 
A. Turn to the flow chart on page 80. 

We have covered to this point 
1. Equipment calibration 

Laboratory preparations before testing 
Train assembly 
Leak testing 

Several of these items can be going on simultaneously 
1. This will save time which is important on site 
Suggestions are 

a. 1 Technician assemble equipment for the test 

b. 1 Technician take measurements for RMl 
requirements 

c. Team leader prepare data forms and equations 
After taking RMl data 

a. Team leader makes RMl caioulations 

b. Technicians assemble traversing system 



C. 



2. 



3. 



of regulations. 
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4, 



5. 



RMl data completed 

a. Mark traverse points on probe 

b. Do velocity traverse - quick preliminary 

c. Do estimate 

While the train is coming to operating temperature 
for leak test 



a. 



b. 



c. 



1 Technician prepare RM3 equipment 

Team leader sjlve isokinetic equations and 
fill out data sheets 

1 Technician prepare other sampling trains for 
runs 2 and 3 



6, When ready perform leak test 

7. After leak test 

a. Add ice to the impinger bath 

b. Record dry gas meter starting reading 

c. Inform plant of test about to start 

d. Position equipment at point 1 in the stack 

e. Record all data and calculate AH desired 

f. Start test and record time 

8, The train remains on during the traverse in the port 

a. 15 seconds before time is up at a traverse 
point ir '•e train to next point - this allows Ap 
manometer to stabilize 

b. Record time interval readings 

c. Calculate new AH from Ap 

9. When the port test uime is over stop the train then 
iQove to next port 



10, 



Repeat the procedures outlined for each port 
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D. 



U. Be constantly awai'e during the test of; 

a. Test times 

b. Dry gas meter revolutions 

c. Stack temperature 

d. Gample case temperature 

e. Pump vacuum 

f. Implnger temperature 

g. AH versus Ap readings 
At the end of the test 

1. 



Remove the sample case and probe from the stack 
with the pump off 



2. 



Record 

a. End time 



3. 



b. Dry r^s meter final reading 

Let the train cool then seal the nozzle. Clean-up 
should be done in a laboratory or other clean area 



III. Data sheet and calculations 
A, Data averages 
1. 



Dry gas meter volume sampled - - final - initial 
dry gas meter reading 



NOTES 



Clean-up is not 
done in lab except 
for measuring H^O* 
Procedures are 
given in manual 
page 5-12. 



ERLC 



2. Average AH - straight arithmetic average 

3. Average square root of the Ap readings 

4. Average stack temperature 
B. Calculations - use programmed sheet and explain to student 

IV. 'Report writing - manual page 7-1. 

A. This is straight forward and can he done by following the 
manual sections. 

B. If Lime is tight instruct students to read the section 
as homework ... 
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COURSE: 450 - Lecture 11 
LESSON 'IME: 1 hour 15 minutes 
PREPARED by: J. A. Jahnke DATE: 10/2/78 
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Lesson Gnalt 



To introduce methods of correcting emissions data from combustior sources to 
different types of standard conditions. 



Lesson Ob . ^ectivesr 



The student will be abxe to: 
1. 



Discuss the relationships that exist in fossil fuel-fired 
boilers between excess air, % 0^, and % 



2. Define excess air 

3. Correct a particulate concentration to standard temperature 
and pressure 

A. Correct a particulate concentration to 50% excess air using 
two methods i 

5. Correct a particulate concentration to 12% CO2 

6. Correct a particulate concentration co 6% 0^ 
Student Prerequisite Skills; 

Ability to multiply and divide 
Intended Background; 

General Science 
Level of Instructions; 

College undergraduate math 
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1 , Workbook 



2. Manual 

3. Slide Projector 
4* Calculators 

Special Instructions; 

This Is the first lecture Thursday morning* The pate of the course 
has been rather rapid and perhaps overwhelming to some students. 
Lectures on Thursday are Intentionally slower paced so that the students 
may have an opportunity to digest the material and ask questions on 
points previously covered which may not be clear* 



References : 



Course Manual - Appendix 
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\f>age-i-..o:...A. 
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Course: 450 - Lecture 11 

CONCENTRATION CORRECTIONS AND 
PRnRT.KM SESSION 



Lecture Title. 



I. Correction of concentration to standard temperature and 
pressure 

A. Did this in first lecture, using ideal gas law 
derivation Is: 



mRT 



std 



corr 
std 



MP 



std 



V 



corr 
std 

J 

s 



std 
sLd 



std s 
T P 



std 



f.RT 

V s 

s MP 



s 



s 

s std 

corr s P . ,T 
std s 



M ^ ,st:_d^.-i^ 

^^^^^^^ "^"corr" ^ '^s^std 



Page 9H Workbook 
LH-l 
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II . 



C = C 

corr s P T , 
s std 

B. Need to first correct data '.o standard tempt'raturo and 
pressure before doing other corrections 

C. In l:PA reference methods; 

Standard Temperature = ftS'V 
Standard Pressure = 2y.92"Ug 
Excess Air Corrections 
A. Stoichiometric air vs. excess air 



I . 



2. 



If you burn carbon stoichlometr leal 1 y, what do you getj? 

r,as, i'JSt CO^ and N,^ Left over. ' 

Boiler operation - most combustion soun-es i-nn't run 

stoichlometrlcal Iv, need more air. Tue 1 In cnmhus- ! 

Lion zone of boiler will deplete Immediate region of , 

oxygen. New fuel entering region will lack enough j 

oxvgen to burn completely and will have incomplete ■ 

combustion. Need to add excess air. 1 
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rntittif* ^50 - Lecture H 
i Z ^ T.t,. CONCENTRATION CORRECTIONS 

Lecture T/ffe problem session 



NOTES 



3. When adding excess air, get different percentages 
of CO2 and based upon type of fuel and amount 
of excess air. 

Definition of Excess Air: 

1 * 1? A « Volume Excess Air 

^' %EA« Theoretical Volume ^ 

required for complete combustion 



2. % EA » 



% O2 - .5 (% CO) 
.26A(% N2)-[r02 - .5(%C0)] 



X 100 



C. Correcting a concentration Lo 50% excess air. 

1. Between 1920-1940 many coal combustion sources 
operated at about 50% excess air. Today ir^st 
sources operate at much lower excess air. 

2. Excess air, 2CO2, %02 corrections used to correct 
for dilution of the flue gas. Note that a concen- 
tration can be reduced by dilution and a source 
could pass a concentration standard by doing so. 
These corrections bring emissions to a common 
referent, accounting for such dilution. 

3. 50% excess air correction 



5. 



50 



s (100 -f % EA) 
150 



A, 50% excess air correction from Orsat data 



C 



'50 



ri75'(%02)- .133(%N2)- .7 5(% Co5 



21 



Point on graph 



Lll-3 

t 

» 
I 

I 
\ 

Refer to Appendix | 
In Manual for i 
derivations. Willi 
not derive In 
class. PageD-1 



The equations are derived in Appendix of the manual.. 
They are not equivalent expressions. In fact, both 
functions are not good functions and are not contin-; 
U0U8. They will give different values for arbitrary ^ 
values of %02, %N2, and %C0, but are almost identi- . 
cal combustion sources. ! 



Lll-4 



Lll-5 
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III. 



Correcting to 12ZCO2 
A. 



LI 1-6 



Used in NSPS for municipal incinerators and by some states 
for some other sources. 



B. 



C. 



- C 



•12 



12 
%C0, 



The correction may cause a significant error in the reported 
emission rate, due to errors in determining %C05 by Orsat. 
One collaborative test contracted by EPA had a Between 
test team deviation of concentration value of '^' 15%. When 
corrections were made to 12%C02, deviation Jumped to almost 
25%. 



IV. 



Correcting concentration to 6% oxygen 
1. 



Lll-7 



2. 



3. 



Some standards are written in t^rms of an oxygen correction 
a 

C 



instead of a CO2 correction 



6%0, 



^8 [20.9 - 6.0] 
20.9 - %0o 



Some standards may be corrected to 3%02 instead of 6%. 
Change 6 to 3 in this case. 



V. 



20.9 is the % O2 in air. 
Practice in performing concentration corrections. 

A. 



Perform calculations page 100 
of workbook - example given. 



B. Answers - Problem I in workbook 







Omit Analyiii 
















Tett 
Number 


% 
EA 












PMR 








From 


%C02 


%02 


%CO 




DSCF/min. 


ar./min. 


gr./DSCF 




% EA 


Raw Orut Data 


1A 


10 


13.3 


Z2 


0 


84.3 


14,300 


10,000 


.699 


.631 


.513 


507 


IB 


46.9 


9.7 


7.1 


0.2 


83.0 


19,400 


10,000 


.515 


.837 J 


.506 


.502 
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Page 100 
Workbook 

Allow 30 minutes 
for problem. 
Have students 
take a break 
after they have 
finished. 

Fill in answers in 
Table after most 
students have 
finished first 
problem* Help 
those who are 
having difficulty. 




CQMTENLOUTLINE 



Course: 450 
Lecture T:tie 



Lecture 

CONCENTRATION CORRECTIONS AND 'i,^^ ^ 
PROBLEM SESSION f!lL. 



Page. 4 . o/'^ji 

NOTES 



Answers - Problem II in workbook 



Fill In answers 
in table (on 
chalkboard or 
overhead) after 
most students have 
finished. Let 
the others work 
until they get 
the correct answers 







OrMt Analysis 








1 


1 
















PMR 

gr./min. 








Frg" 1 


Tmi 
Numbtr 


% 

EA 


%C02 


%02 


%C0 




DSCF/min. 


gr./DSCF 


Cs,, 


% EA 


Raw Orsat Data 1 


2A 


48.6 


12.1 


7.1 


0.3 


80.5 


18,000 


13,000 


.722 


.716 


.716 


.712 j 


2B 


100 


9.1 


10.6 


0 


80.3 


24,000 


13,000 


.542 


.714 


.723 

T 


.721 



D, Note the differences lu answers - for coal fired boiler, 
answers all close. Why? Not so for oil fired boiler. 



Refer to Fig. 11-2 
coal combustion has 
the characteristics 
of 12% C0„ corre- 
sponding to approx- 
imately 6% O2 at 
50% EA. 
Oil does not. 
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COURSE A50 Lecture 12 
LESSON TIME: 30 minutes 
PREPARED BY: DATE 



J. A. Jahnke 



9/21/78 
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Lesson Goal: 



To introduce the student to axternate sources of information on source 
sampling and environmental control. 

Lesson Objectives : 

The student will be able to: 

1, -Recall at least three types of sources from which information on 
source sampling methodology may be found (books, periodicals, 
newsletters, EPA publications) ♦ 

2, List the most important periodicals and professional organizations 
that transmit source sampling information, 

/ 

3, Tell how to receive assistance in obtaining EPA publications and 
computerized literature searches. 

Student Prerequisite Skills : 

None 

Lesrel 01 Instruction : 
Basic 

Intended Student Professional Backgro und : 

Individual Involved in air pollution control programs. 
Support Materials and Equipment : 

1. Course manual-Appendix B 

2. Slide projector 

3. ^^xamples of literature periodicals, books, etr 
pollution control. 

4. Brochure: "Need Air Pollution Information?" 

EPA office of Library Services 

153 
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Special Inatructlong ; 

This lecture Is easy and light-hearted* It provides a breather in the 
ttomlng, but is greatly appreciated by the students, particularly the 
industrial people « 

References : 

None 
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Course: ^50 Lecture 12 

Lecture Title: literature sources 



!• Books on Air Pollution Control, Sources, and Engineering 

A, Fundamentals of Air Pollution - Williamson Good 
Introductory Text 

B» Industrial Source Sampling - Brenchley, Turley, Yaxrroac 
Written by 3 people who attended this course. Book now 
dated, but may have some good reference material 

€• Air Pollution - Stern 

5 volumes - review articles on all aspects of air pollution* 
Good reference 

D« Chemlca.l Engineer's Handbook - Perry 

Good reference for practicing engineers 

E. Source Testing for Air Pollution Control - 
Cooper and Rossano 

Professional type approach to source sampling - now 
dated, but has useful iaformat^on 

Y. AP-40 Air Pollution Engineering Manual 
Basic Reference for Agency People - 
Beg, borrow or steal. 



NOTES 
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G. Others 
II. Periodicals 

A. Journal of the Air Pollution Control Association 
1. Very important -refereed articles 

2» Ask how many students belong to APCA 

3, Others should be encouraged to Join APCA if they 
are serious about their professional work 

B. Environmental Science and Technology 

1. ACS publication 

2. Refereed articles 

3. Articles on all areas of environmental control 
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LITETIATURE SOURCES 



lit 



Z. stack Sampling News 

1. Sometimes has tips and techniques on source sampling 

2. Contains announcements, etc. 
3* Articles are unrefereed 

D. PolluLioii Engineering 

1 , Freebee 

2. Articles on all areas of pollution 
Staub Rheinhaltung der Luft 

\. Very important for articles on particulate control 

1. Unfortunately - in German - "staub" means "dust" - 
comes out 1 year later in English translation 

?• Others: Power, TAPPI, Chemical Engineering, etc. 

III. EPA Publications 

A. Many publications available - obtain through NTIS or EPA 
library 

EPA Cumulative Bibliography 1970-1976 Parts 1 and 2 
PB-265-')20 and EPA Publications Bibliography Quarterly 
Abstracts Bulletin NTIS UB/D. ^)42-01, 02, 03, etc., 
available from NTIS. 

B. Note brochure "Need Air Pollution Information?", and 
services available from EPA library 

C. Mention Federal Register and Code of Federal Regulations 
their importance and the distinction between them. 

IV. Newsletters 

A. Quick communication on a daily or weekly basis 

B. Expensive, but purchased by most libraries 

1. Environmental Reporter 

2. Air/Water Pollution Report 
1, Current contents 

4* lERL Report Abstracts 




NO Control Review 

X 

PGD Control Review, etc. 
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Course: 450 Lecture 12 
Lecture Title: LiTriuV.T'RE sources 



CONTENT OUTLINE 

ir<m * ASO Lecture 12 



. 3 of — 1. 

NOTES 



V*. Other Periodicals on Environmental Topics 

A. Clean Air 

B. Environment 
C* Combustion 

D. etc, -> Make your own list 
VI • Freebces 

A. For people who like to get something in the mail 

B. Industrial Research > American Laboratory, Laser Focus, etc. 

C. Pollution Equipment News 
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topic: xHB F-PACTOR METHOD 



COURSE: 450 Lecture 13 
LESSON time: 1 hOur 
PREPARED by: DATE 



J. A. Jahnke 



9/25/78 



in 
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Lesson Goal ; 

To introduce the student to the concept of the P-Factor Method. To 
show two methods of performing the emission rate calculation and various 
techniques that can be performed with F-f actors. 

Lf 'sson Objective s: 

The student will be able to: 

1. Define the F-f actor used in EPA Methd 5 calculations 

Discuss how the F-f actor can give a value for the emission rate 



2. 
3. 



Describe the requirements for using the F-f actor in the EPA 
Method 5 test for new FFFSGs. 



4. Recall alternate F-factor methods 

5, Use F-factors for crosa-checking Orsat and combustion data. 
Student Prerequisite Skil ls; 

Ability to multiply and divide 

Level of Instructio n: 

College undergrajduate science and math 

Intended Student Professional Background : 

General Science 
Support Materials and Equipment ; 

1. Course workbook 

2. Course manual 

3. Slide projector 
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special Ittstructlons ; 



Not many students realize the Importance of the ?^ factor in the NSPS 
requirements for perforulng Method 5. Stress should be placed on this 
calculation method* 

References ! 

October 6, 1975 40PRA6250 
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Course: ^50 Lecture 13 \^m^J 
Lecture Title: the f-factor method ^pao^^^'' 


i 



I. 



Emission in terms of lbs/ 10 Btu Heat Input 

A. Previously expressed emissions in terms of 



E « 



pmr 



lbs 

loStu/irf^ 



lbs 



10^ Btu 



II. 



Problems: 

1. Uncertainty in Q^^. What is Q^? 

(Fuel feed rate) x (fuel heating value) 

Does EPA have a standarized fuel truck to check 
fuel feed meters? No. - have uncertainty here that 
can't check. 

2. Too many variables in the equation for continuous 
monitoring applications. 

F-Factor Method 

A. Alternate Approach 



E 



C F 

8 



dilution 
correction 
term 



Page 108 Workbook 

Write equation 
on board 

Note: Did this 
the first day, 
but most people 
In class have 
forgotten it by 
now 



write on board 



B. 



Definition of the F^ factor 



L13-1 



1. 



volume of theoretical dry 
combustion products/lb 

heating value of fuel 
combusted (10^ Btu/lb^ 



ft^ 



lO^Btu 



dimensionally, then 
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2* the emission rate from A, is then 



10^ Btu 



lbs 

7 



lbs 



10 Btu 



3* 



dilution correction term is dtmenstonless 

F-factors are relatively constant values for Fjpecific 
categories of fuels. 



F , factor method 
u 



1, 



E - c F 
s d 



r 20>9 "1 
20,9-%O2'" J 



M V2 



3. 



uses JoQ^ for dilution corrc^ction. 

This is the equation must use in KPA Mtithod 5. 

Examples of F-factors 



Note more extensive list in manual - numbers in parentheses, Turn t:o pagt^ 
give % deviation from the moan of data sets for which 9-lli)f manual, 

the F-factors were calculated. 

Point out the 



4. 



P:PA Method 5 and tht: F, factor method 

d 



smal 1 dt^viations. 



Required to use this calculation method* Also, required Turn to pa^;(^ 9-12 
to perform oxygen traverse while doing Method 5 test. Nota of manual, 
boxes - not too many students realize this. Draw sample 
into bag and analyze by Orsat or using continuous oxygtMi 
monitor if approved by adminlstrotor. Suggest follow 
procedures by Mitchell and Midgett have two analysis 
agree to within .3%. 



Rctrr to page 
9- r> pf m.inua 1 



F factor method 
^ volume of theoretical tn. 



1 



generated by c omhust ion/ 11? 
lieating value of fuel 
ei)mh\isted ( 10^ Htu/ lb) 



t he F f act or met ho<i 
e 



I \\\ i s and f o 1 1 owi ng 
1 methods may he 
j gone througli 
, quick Iv. Thev are 
i iniportant for <'on- 
i t inu<')us monitoring, 
I hut not for motho<l 
) - StudtMU s , how- 
t» vcr , siu-ju 1 d know 
t iiat t hev i*x i st 

I.l V 
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Using factor to calculate E from data given on a wet 
basla 



E - C F , 
ws d 



B 

W8 



[20. 



20.9 



9(1-B )-%0. 
ws 2 



(w| 



fractional moisture content 
of stack gas 



the wet F factor method F 



w 



T" F, 
ws 



r 20.9 1 

V L20.9(l-B^^)-%O2(„j 



LI 3-6 

■Define 0^^^^- 

Oxygen concentra- 
tion on a wet basis 



L13-7 



where B » fractional moisture content in air 
va 

Method used In continuous monitoring applications, B^^ 
can be determined by several methods. 

Use of f-factors for cross checks 



d(calc) 



20.9 - %0. 
2079 



Stoichiometric combustion check. If have all of data, 
a useful calculation to do* If F^ (calc) differs 
appreciably from tabulated values, have a problem either 
in Q J, Qt,» or %0^, Many people use this method to check ! 
their data. 



LI 3-8 



Alternate expression 



F Ccalc) 
w 



k r 



20.9(I-b^^)-%02^^p 



20.9 



3. Alternate expression 

%^ / %C0 



c(calc) 



(. 
\ 



2(w) 
00 
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NOTES 



F factor 
o 



I. 



Great help in checking Orsat data 
20.9 F^ 

F - 



lOOF^ 
20.9 - % 0 



2(d) 



F 



%C0 



2(d) 



2. 



If value not within 3 5% of that tabulated, have 
a problem with the Orsat data 



Correcting for incomplete combustion 

1, F-factor method assumes complete combustion of fuel 

2. Can make corrections, but normally CO levels are 
on ppr. levels and do not greatly affect values 



« % CO2 + % CO 
= % O2 - .5(%C0) 



LU-9 



L13-10 
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■~r; CALCULATIONS REVIEW; 

TOP'^- CLEAN-UP PROCEDURES FOR THE 
RM5TEST - CALCULATIONS AND PRE- 
TEST REVIEW - DISCUSSION 07 
LABORATORY RESULTS 

COURSE ^50 Lecture 14 
LESSON TIME'- 1 hour A5 minutes 
PREPARED BY: DATE 

Giuseppe J. Aldina 10/2/78 




UJ 

.0* 
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Lesson Goal : 

To present clean-up procedures for the KM5 sampling system; review 
source test calculations and be sure all students can perform these; 
discussion the results of the source test as an introduction to the 
Error Analysis lecture. 

Lesson Ob . ^ectives : 

The student should be able to: 

1. List the clean-up procedures for the RMS sampling train 

2. Make all calculations for an RMS stack test 

Distinguish the difference between sampling precision and sampling 
accuracy 

Answer all questions on the pre- test 
Prerequisite Skills : 
None 

Level of Instruction : 

College undergraduate scienc- 

I ntended Student Professional Background : 

General Science 

Support Materials : 

1. Manual page 5-12 3. Programmed calculation sheet 

2. Workbook page 11 3 A. Pre-i est an.l ani,wer key 

Sj) eclal Instructio ns : 

lecture is foiiow.-d easily in the m.-'nual and workbook 

1S7 



References ; 
None 



We shall start this lesson by reviewing the pre-test since the laboratory 
did not allow time for a complete clean-up procedure of the RM5 sampling 
train. We will go through the flow chart in the manual on the clean-up 
procedures to be sure everyone can do this. We will then go through the 
calculations for the RM5 test and compare test results. 
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Course: 450 Lfcture 14 

Lecture r/Z/tf." ' calculations review; 
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CLEAN-UP PROCEDURES FOR RM5 TEST 
CALCULATIONS AND PRE-TEST REVIEW 
DISCUSSION OF LABORATORY RESULTS 



NOTES 



I. 

II. 

III. 



IV. 



Review Pre-test 

RM5 Clean-up procedures - discuss procedures as given on pape 
5-12 of manual. 

Calculations review 

A, Ask class for any questions on the calculations 

B, Go through calculations on programmed calculation sheet 

/ 

Class laboratory results - using page fl.3 of the workbook 
ask laboratory groups to give values theV calculated. 

A. Generally 

1. Groups will get similar 

a. Velocity data 

b. Volumetric flowrate data 

2. Some groups will be out of isokinetic limit 90-110% 

3. Pollutant mass rate data and concentration data will 
vary but still be comparable 

B. Point out the similiar ities and discrepancies in the 
laboratory results 



C. Introduce ERROR analysis topic 
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topic: ' EKROR ANALYSIS. 




COURSE: A50 Lecture 15 




LESSON TIME: 30 minutes 




PREPARED by: 


DATE 


J. A. Jahnke 


9/22/78 
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Lesson Goal ; 

To provide the student with an understanding of the distinctions be^'^veen 
error and precision and to review the types of error that can occur in 
source sampling* 

Lesson Objectives : 

K The* student will be able to explain the difference between precision 
and accuracy* 

2. The student will be able to list and decrlbe three categories of error, 
(systematic, random, illegitimate) 

3. The student will be able to discuss the relative precision of EPA 
reference methods 2-5 • 

4. The student will be able to use the concepts of this lecture and not 
mi«isapp3.y the terminology in discussions of source sampling results* 

Student Prerequisite Skills : 

None 

Level of Instruction : 

College entry level science 
Support Materials and Equipment : 

1. Course workbook 

2. Course manual 
3* Slide projector 

4. Hau^out - reprint of artirlr - Mivi^eLt , M. Rodnt>v. **How KFA VnHdntes 
NSPS Methodology." Eav i roiunenta 1 Sc ii>iu'e and 7*y lH\^,L^l\ii>' ll:635-6'39; 
July 1977. 
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Special Instructions : 



None 

References : , 

Handout - reprint of article - Midgett, M. Rodney. "How EPA Validat 
NSPS Methodology." Enviroimental Science and Technology 11:655-659; 
July 1977. 
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Course: ^50 Lecture 15 

Lecture Title: error analysis 
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NOTES 



I. The true value 
A. 



US- 



True value is what is wanted, 
this is in source sampling 



Impossible to know what 



II, 



B. Collaborative tests may be close to true value, but not 
certain. Can orly talk about deviations 

Differer.:e between precision and accuracy 

A. Precision refers to reproducibility 

Accuracy refers to correctness - closeness to true value 

B. Bull's eye 

1. Closely spaceci shot give estimate of good precision, 
but if any from bull's eyes, have poor accuracy 

2. Shot near bull's eye means good accuracy, but can 
have good or poor precision 

3. The 3 method 5 tests give only au estimate of 
precision - tells nothing of accuracy. One value 
is no more valid than another if each test was done 
the same 

III. Classification of errors 

A, Errors can arise from three basic reasons 
1. 



L15- 



US- 



Stress 



US- 



Can be systematic - calibration problem, error in 
adjustment, consistent error in reading, etc. - may 
be corrected in some instances 



3. 



'Random errors errors resulting from fluctuation, 
chance. Cannot remove. Idea Is to eliminate all 
errors except random errors and keep these at a 
minimum. 

Illegitimate errors — blunders, things which should 
not happen. Dropping the filter, leaks, misreading 
a dry gas meter, etc. 



B. 



Emphasize that lit is hard to rtMnovt- all errc^rs. Dift icul. 
to get estimate of error oL tost. '.^ I dt)(\s not ^ive this 
Average ot ttiree tests only gives an estimate of the 
precision, not the accuracy of the test. 

Krr(^rH can affect b(^th prerlsion and iwcuriicy , 



ITS 
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Lecture 15 
ERROR ANALYSIS 



Page -2 — of^ 

NOTES 



IV. Estimates of prescision for EPA reference methods 
A. Refer to paper by R. Midgett- 



C. 



of 


the reference methods 


1. 


Method 2 - 


3.9% 


2. 


Method 5 - 


10.4% 


3. 


Method 6 - 


4.0% 


4. 


Method 7 - 


6.6% 



B. Between laboratory deviation 



1. 


Method 


2 - 


5.0 


2. 


Method 


5 - 


12.1 


3. 


Method 


6 - 


5.8 


4. 


Method 


7 


9.5 



Note: Estimates are for precision, not accuracy. Discuss, 
results of laboratory in terms of the. above concepts. 
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TOPIC: SOURCE SAMPLING QUALITY 

ASSURANCE AND SAFETY ON THE 
SAMPLING SITE 



COURSE: 450 Lecture 16 
LESSON TIME-- 1 hour 20 minutes 
PREPARED BY: DATE: 

10/2/78 



Giuseppe J. Aldina 




UJ 



Lesson Goal : 

Stimulate students to be aware of all aspects of the sampling procedure 
which effect the quality of the data and the safety of the sampler at the 
sampling site. 

Lesson Objectives : 

The student should be able to: 

!• Recall the important aspects of an accident analysis program 
2. List the 10 causes of accidents 

3* List some personal safety equipment for a source sampler 

A. List the important items necessary to assure good quality test data 

Prerequisite Skills : 

The course up to this point 

Level of Instruction ; 
College science 

Intended Student Professional Background ; 

General Science 
Support Materials : 

1. Blackboard and chalk or ovei.aead projector and pens 

2. Slide projector 

3. Workbook - page 119 

4. Manual - page 5-13 
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Special Instructions : 

Let the students think up the quality assurance points with help from 
the instructor. 

References 

CRC Handbook of Laboratory Safety 



This lecture is devoted to the safety of sampling personnel at the site and 
points of quality assurance for source sampling using RM5* The major aspects 
of an accident analysis program and the 10 common causes of accidents are 
presented. The class will then list the major points to evaluate in assuring 
good quality source test data for both the tester and observer • 
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NOTES 



SAMPLING SITE 



Accident analysis 

A, Accidents are caused therefore they can be prevented 



B. The best system for preventing accidents is an accident 
analysis program 

1. Analyze all possible causes of an accident before 
it happens 

2. Take measures to eliminate possible causes of 
accidents 

3. Ask personnel working in the area for suggestions 

4. If an accident does occur 

a. Find out how it happened 

b. Ask the injured person(s) how it happened 

c. Ask the injured person's) for suggestions on 
how to prevent a reoccurrence 

II, Causes of accidents 

A. Poor instructions 

1. Supervisory personnel must give adequate instructions 
for 

a. Job performance 

b. Safety requirements 

2. Supervisor should inspoi:t job site for all applicablt? 
concerns and safety 

a. before 

b. During and 

I . After the \oh 
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B. 



c. 



D. 



E. 



F. 



G. 



ASSURANCE AND SAFETY ON THE 
SAMPLING SITE 



Poor planning 
1. 



The person- in-charge must properly plan and conduct 
the activity 



2. Experiment design and perf orinance are extremely 
important for Job success and safety 

3. Specifically for stack test - adequate manpower to 
do the Job 

Improper design - the experiment must be designed with 
proper equipment, layout, and construction for completion 
of the job 

Proper equipment not provided 

1. Safety equipment must be available 

2. Proper tools and other equipment must be on hand - 
Jury rigging is poor practice 

Failure to follow instructions 

1. All personnel must follow safety rules 

2. Explicit instructions must be given to all 
personnel involved at the Job 

Neglect or improper use of equipment 

1, All personnel must use the proper safety equipment 

2. Do not try to use a piece of equipment for a purpose ! 
for which it was not intended (i.e. do not try to 
drill a 1/2" hole with a 1/A" drill bit) j 

i 

Faulty equipment — poorly maintained equipment is 
inexcusable 



H. Untrained personnel 

1. All personnel should have adequate training beforo 
their participation at the Job site 

2. Trainees should be closely supervised 



NOTES 
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CONTENT OUTLINE 

Course: 450 Lecture 16 
Lecture Title: source sampling quality 



NOTES 



H99U1UWCE AMD OA f CTC OH TIIR ^ 

SAMPLING SITE 

I. Uncooperative personnel 

1. Persons in poor physical condition or poor mental 
attitude should be given different assignments 

2. This applys to attitudes about co-workers, supervisor, 
the Job, or working conditions 

J. Unpreditable outside agents 

1. Agents outside the control of the sampling team 

2. Can mean anything such as bad weather or a stinging 
insect which may startle someone and cause an 
accident 

III. Personal safety equipment 

A* Hard hat 

B» Safety glasses 

C. Safety shoes 

D. Respirators 

E. First aid kit 

F. Gloves 

1. Leather work gloves 

2. Heat protective gloves 

G. Proper clothing 
1. No shorts 

2» Longsleeve shirts 

3. Appropriate for weather condltioas 

H. Plenty of drinking water and some snack food to prevent 
fatigue. No salt tablets - They are bad for you 

r» Safety belts 

Maintain the discussion as long as students make responses 



Ask the class to 
describe these. 
It Is more useful 
than a simple 
' listing. 
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Course. ^50 Lecture 16 

Lecture Title: source sampling quality 

7CS^.'.\NI:E ANU SAtLii UN IHh 



NOTES 



wSAMPLTNG CITE 

Ask students what 
would make good 
quality assurance 
checks for a stack 

This lecture is to be held as an interactive student-teachertest • They wiU , 

by this point, be 
able to list the 



IV, Quality Assurance 
A, Introduction 



discussion session. Have the students contribute ideas 
towards the development of a QA program. List points on 
the board and have the students list in their workbooks 

B, Equipment Calibrations 
1 . No^ii le 
2* Pitot tube 

3. Heaters - probe cind filter 
4» Dry gas meter 
5. Orifice meter 

Observations that can be made by the agency observer at 
the sampling site. 

1 . Leak checks - before and after sampling 

2. Reference Method 1 requirements 
'i. Probe alignment 

H. Precise meter console operation - data recording 

5. Reference Method 3 requirements 

6. Overall competancy of sampling team 

a. Experience 

b. 'Education 

c • Prof essiona 1 Ims 

7. Coordination with source operation 

8. Parameter checks on stack gas 

a. Stack gas temperature 

b. Preliminary traverse for c:yc Ionic gas flow and 
Ap 

0. Moisture content ot the gas 

9. Adherence to reference met liud prot fdures 
1 0 . System vat inim 



items givt^n. 
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NOTES 



ACCURiWGB A>1D DAPETY OM TilK 



SAMPLING SITE 
11. Sampling system teraperaturi-s 
Filter 

b. Implngers 

c. Dry gas meter 
12» AH calculation from 

Parameters the control agency obsorvi-. shoal<l record 

K Test start and end tiroes 

2* '\S" type pi tot tube Cp 

3» Nozzle diaroeter 

A. Leak rate of the train 

a. Initial leak rate 

b. Leak rate anytiroe train is disassembled 

c. Post~to.it: leak rate 
5. Dry gas meter vo iroe 

b» K fat:tor for nomograph or calculator 
/• Average square root of the Ap readings 
8. Average AH 



10. 
1 1 . 



Volume of 1120 trapped in the sample train 



Filter tare weights 
Orsat data 
I'rocess operation data (as applicable) 
1 . Materials feed rale 
1 . Froducliion rale 
i» FuL 1 feed rate 
. Shi ft ehcurv-s 



} . lipSi Is 
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450 



Lecture 16 



K. 



Lecture Title. 



s ource sampling quality 
"ASSUUnce And safety on thk 
sampling site 



Analytical procedures 

1. Clean-up techniques for the RM3 saniple train 
a. Care taken 

Thoroughness of clean-up 
Careful labeling of all samples 



4, 



c • 



If sample to be shipped for analysis samp 1 
volume should be marked 



Laborritory staff 
a» Bachelor degree chemist 
b. Certified technician 
Sample c^nalysis 

a. Sample solvenL blank taken 

Scimple dried at room temperature or heated to 
no more than filter temperature during sampling 

c» All data carefully recorded 

i 

Weighing and desicating 

a. Scale sensitivity within 0.3 mg 

b* Sensitivity checked routinely 

All tare weights carefully recorded 

d- Sample desicated ?4 hours thiMi weiglxed to iienrrs 
0. S mg 

Sample desicated and w<»!ghe<i at six hour inter- 
vals to constant weiglit + (h ""^ mr, 

Overal 1 laboratory oh.u'rval icMis 

H • (' lean 1 i lU'Ss 

i>. Order 

Kqui[»»Menl In )\o^^d •■''C.ii i t i t n: 



All t.hese obsi^rvat ions nre iuiportnnt in >3('od quUit 
assessment for the RM") test. 
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NOTES 






SAMPLING SITE 



We have covered safety at the source with i.*mphasls on accident 
analysis and preventing the, most common causes of accidents. 
We have, also, listed the major Items for good quality assurance 
of a RMS test. This concludes this lecture. 
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Lesson Goal ; 

To fatQiliarize students with the basic principles of Inertial particle 
sizing techniques and the use of in-stack cascade impactors for gathering 
particle size data. 

Lesson Objective s : 

The student should be able to: 



r 

:RJC 



1. Describe the equation of continuity for a flowing ideal fluid 

2. List several particle properties and give the most important 
property of particles with regard to sizing devices. 

3. Define effective particle size 

4. Define particle aerodynamic diameter 

5. Describe the relationship between parLicle diameter and its physical 
properties 

6. List several methods of determining partlrle diameter other than 
inertial sizing 

7. Recognize the importance of particle size drita 

8. Describe the operation of a eaH';ade imijaotcn' 

9. Define the D^^ for an impavtc^r eoUeetion sta^t^ 

10, Describe the sampling proredures usfd fnr an in-stac'K eascacN' 
impac tor 

Prerequisite Skill s : 

Ttie course to this point. 
Le vel o f Instruct I on : 

College undergraduate hc ien< e 



I 



Inf nded 8tud«nt PrefMtion Background : 

General Science 
Support Materials and Equipment ; 

1. Manual page 9-16 

2. Workbook page 123 

3. Slide projector 

4. Cascade Impactor 
Special Instructions ; 

None 
References ; 

Laple, C. E,, Fluid and Particle Mechanics, University of Delaware; 
Newark, Delaware; 1956 



Particle sizing is becoming increasingly important in source sampling • 
The high cost of particulate control equipment and tighter regulatl us 
have put great pressure on equipment designers. The design of particulate 
control equipment Is very much dependent upon good particle size data 
A manufacturer can develop better equipment when the actual size 
distribution of particles In the gas stream is known. For this reason 
in-stack particle sizing has received increased Interest* 

Particle size data is also important In developing new Instrumentation 
for source monitoring. In this course we shall deal with particle size 
as related to plume opacity measurements. Resear(h is also being 
conducted on instruments that continuously measure mass emissions from 
a source. The optical techniques used for these instruments require 
valid particle size data. 
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I, Particle properties 

A» A particle has several ivnportant properties 
1 • Mass 
2« Dimension 
3. Chemical composition 

A. Aerodynamic properties ^ 
5. Optical properties 

i 

B. The primary distinguishing characteristic of any particl^ 
is particle size 

IK Size determination j 

A. Several methods for determining particle size ' 

! 

K Microscopic ! 
a. Taking a measurement of the particle dimensions 

1) Martin's Diameter - measures the diameter' 
across the middle of the particle i 

2) Feret*s Diameter — measures the longest 
linear dimension of the particle 

3) Equivalent projected area — compares an 
irregular particle's diameter to a sphere 
that seems to approximate the particle 
size 

h. These give precise particle dimensions as 
viewed under the microscope 

c. There are several drawbacks 

.1) The procedure is expensive when done oftei 
enough for a statistically representative 
sample 

2) Taking samples can cause fracturing and 
agglomeration of particles 

'}) Always an uncertainty of mlcroscDplc 
data as related to actual In-stack part Ic 
size distribution 
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2. Sedimentation and Elutrlatlon 

a. Again requires an extracted sample with tlu- . 
uncertainties Involved In taking the sample 
from the stack 

b. These requite very large samples for nbrainlng 
sizing data 

3. Out of stack Inertlal techniques 

a. Bacho sizer is the most conmionly used. 

b. Many improvements Viave been made in these 
tecl^nlques 

c An out of suack analysis always carries the • 
problem of relating results to actual In-stack 
particle distribution 

B In-stack particle sizing when properly conducted provide$ 
* the most useful » valid data. We will concentrate on this 
method. 

C All techniques used for particle sizing incorporate 

empirical relationships and theoretical principles to 
describe particle size 

1. Size is not r(Mlly determined 

i 

2 These techniques assign the particle an "effective 

size" based on observations of the particle propert' 

D. Any technique used for particle size analysis will yield 
unique data 

1. Data gathered by different techniques does not 
neci'ssar 1 ly agree 

2. Data gathered by dttferent designs of instrument at tj>u 
using the same principle may not agree 
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NOTES 



3. These uncertainties require that 




a. Careful consideration bt- given to oh j..c t I vt-s 




for the experiment 




b. Cost for the analy.sis be weighed in conjunct io 




witli the use of the data. 




Partule physical properties 




A Partiele size generally ret\.rs to an "eftectU.o si.;e" 


i 
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NOTES 



Impactor 



1. Described as equivalent or effect diameter 

2» Great deal of Information has been gathered on spheres 
of unit density In dry air, 

B. Particle sizing techniques seek to define particle size 
In terms equivalent to these spheres 

1. The most commonly used term Is particle diameter 

2. Assuming a particle's physical properties will be 
equivalent to those of a sphere of the same diameteir 

3. And that a physical property Is proportional to som^ 
power of the diameter 



(d)Q = 



d = diameter 

<^ = shape factor 

N = a number 

Q = physical property 



4. Then particle behavior may be predicted for a given 
set of conditions ' 

I 

5. This Is an essential factor in designing control 
equipment 

I 

We can see the importance of particle size data fror^ 
this discussion. Now let us move to learning how j 
an in-stack cascade Impactor works to give particle ; 
size data. 



IV. Particle Motion 
A. 



The most useful particle sizing methods for stack samplirg 
purposes define particle size as an "aerodynamic diametei" 



1. Allows prediction of particle aerodynamic propertle< 

2. These are extremely important in designing control 
equipment 

a. Electrostatic precipitators 

b * High energy scrubbers 

B. Fluid dynamics and Stokes Law ~- Tlu^se principles will ale 
in understanding the operation of a cascade impactor 



1. 



The tube of fluid flow 



Tho fluid is ideal - inctimpressibl e and nnn vi<^cous 
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IMPACTOR 



c. 



Flowing from P to Q 

The mass flux at P is described 



as t 



0 



d. 



Am^ « ^l^l^l 



We can describe the mass flux at Q as 



dt 

as t 



0 

P2V2 



e. 



We stated before that our fluid is incompressl^ 
ble and non-visccjs. This means p does not 
change and Am at both ^cints Is equal. 



1) 




dm^ 


dt 


dt 




as t -* 


0 








2) 




" P2V2 


3) 


Vi " 


A2V2 



f. 



We see that velocity is changing to get the 
same mass flux at both points 



h* If we go from Q to P, what happens? 
is greater than V2 

Fluid flow around a submerged particle (The slide 
shows fluid streamlines arovmd the particle. Show 
the students how the velocity of the fluid changes 
from point I, II and III) 



a. At Point I we have fluid moving toward the 
particle 

1) Fluid pressure « 

2) Velocity « v^ 

b. At Point II 

1) The fluid streamlines com^' closer together 
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Course: i^^O Lecture 17 

Lecture r/Z/g /par tide Sizing Using a Cascade 
" Impactor — 



2) By the equation of continuity we know that 
for an Ideal fluid the fluid velocity must 
increase to maintain the same mass flux 

3) The energy to increase velority must come 
from somewhere. Where? 

4) The needed energy is coming from the 
pressure in the system 

5) So P decreases at Point II and velocity 
Increases 

6) This can be proven from Bernoulli's Theorem, 



NOTES 
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(The intention here is to go over the 
relationships shown at the bottom of the 
slide ~ not a complete mathematical proof) 

c. At Point 111 in our ideal fluid P^ would return 
to the value at Point I and V^j would return 

to V^, 

d. In a real system we would not ha^^e a complete 
return to the original values at Point I 

1) Some energy would be dislpated as heat 
because of friction around the particle 

2) The pressure at Point 111 would not retur<i 
to P , (It would be some distance down 
stream) 

3) The net effect would be the lower pressure 
fluid at Point 11 being pushed back by th^ 
higher pressure fluid behind Point III j 

A) This creates vortices which create a no^ ; 
pressure drag on the particle j 

! 

Stokes Law - (;r - - i tat iona 1 force versus irictional | 
force 1 

a. The motion of our submerged partic^le will bt^ , 
determined by the iorct^s acting upon it j 

b, A pnrtlc.e will rcnnain at rest in relation to ! 
the fluid until acted upon by Home external | 
force • Newton's first law 

r. Newton's 2na Law acceleration caused by a 
force artlng upon a bcniy is proportional and 
parallel to tlu' resultant of tliat force an.! i?; 
inverse Lv nroporl i ouaL t o thu mas s ..qI t Lt* .i'odv 



It is not necessary 
to ^'.et too deeply 
into l\\v fluid 
dynamics of this ; 
system 
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d. 



e . 



Newton's 3rd Law of Motion - a body exerting 
a force on another body encounters an equal and 
opposite force 

Stokes applied these laws to the motion of a 
parf-lrle submerged in a fluid and proved 
mathematically that a body falling in a fluid 
is 



1) 
2) 

3) 

A) 

5) 



g 



accelerated by gravity F 

acted upon by an equal and oppositely 
directed frictional force 

that when F = F^ the net acceleration on 
the particli is zero 

the particle therefore reached a terminal 
or settling velocity ' 

the particle mass and its terminal velocitty 
determined its ability to move through th(f 
fluid-overcome the fluid friction. 



V. The cascade impactor 

A. These principles are used in the cascade impactor 

B The fluid velocity at each stage in the impactor is 
governed by the diameter of the stage orifice 

r Particles are accelerated through the oriiice and reach 

a terminal velocity when the forces acting on It are equ^l 

I) T-he particle then has a momentum proportional to its mass; 
which may allow it to inpact on to the collection stage ! 

K The particles are fractionated Into various size range.^ j 
based upon orifice velocity and particle mass ! 

1. This defines the aerodynamic diameter of the partic 



An oftect diameter based upon the assumption tliat 



large particles have more mass than small part 

b. Assumes uniform parti> lo .lensiiv 

2 The aerodynam-^- diameter of thu particle allows 

correlation of empirical data lo the unknown part u 
size for prediction of its physical propeitles 

This procedure vields useful data though there arc some 
problems 
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1. Particles may not have uniform density so the size 
predicted by the impactor may not be accurate 

2. Particles may bounce in the Impactor and land on 
inappropriate stages 

3. Particles may break on impacting a collection stage 
and be reentrained - biasHng small size fractions 

/u No collection stage wilx ' - 100% efficient in 
collecting particles for which it is designed 

Collection stage efficiency 

1. Impactors sold commercially are generally supplied 
with stage cut points developed from theoretical 
calculations 

2. These are not necessarily valid . 

a. Each impactor even within a given design may i 
have different fractional character iutics for ^ 

a collection stage ; 

! 

h* Impactors should be accompanied by calibration 
data developed by the manufacturer using , 
monodisperse aerosols to obtain actual fractioi^ 
sizes for a stage. 

c. The most common experession of fraction size j 
for a collection stage is the D^q 

1) The D-^ is the particle size for which 
the stage has at least a 50% collection 
efficiency. 

2) This is usually called the cut point 
diameter 



H. Data Presentation 

U The most common and useful presentation is a 

cumulative distribution plot on log-probability 
graph paper 



NOTES 
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Course: ^50 Lecture 17 
Lecture Title: Particle Sizing Us i ng a Cascade ^' ■'^^t^''^ 
Impactor 
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2. The graph is plotted 
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% of total 
of particles 
collected on 
a stage 




stage particle 
size cut point 

which should show a straight line on log-probability 
paper 

VI. Impactor Sampling Procedures 

A. The standard sampling train can be used 

1. This is the easiest way to do the sampling because 
you can operate It just like'"RM5 

2. The impactor is positioned at the probe end then a 
nozzle is attached to the impactor head 

3. A pitot tube may or may not he necessary 

a. It is usually easier' to get the impaclor into | 
the sample point without the pitot tube I 

b. Though we h: ve spent the entire course addressing 
Isokinetic sampling wo may not be doing this 
with an impactor since it loads up so quickly. 

*j, Non~ isokinetic sampling 

1. -Vho sampling train is i>r..^parc-d as in 

2. The nomograph or calc-ulalor is usod to dottTinin^' thi^ 
AH for the A- In the dut t j 

3. A preliminary test shcuiUl run to deti^rnune it • 

Isokinetic sampling is ipproprlale | 

I 

a. The isokinetic ilow rati- through tho impact^'t 
may be loc; high 

b. It" the flow rate i ion liigh orrtus orcur in t l(c 
impactor 19f) 
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NOTES 



Impactor 



1) 



Scouring of collection stages 



2) 



Reentrainiuent of particles 



4^ 



If uhe impactor does not show discrete clean particv|late 
catches flow rate will have lo be lowered | 



This does bias the sample but not as much as 
scouring and reentrainment 



It will change stage cut points some 



c* These are uncertainties chat are still being j 
researched 

Repetitions — it can require as many as 30 sample runs tci 
get valid data 

!♦ 3 runs should be minimum 



2, 9 runs is probably a practical limit 

Particle sizing is a complex endeavor ♦ Cascade 
impactors give the ruost useful data for stack 
samplers but they are not perfect. Always assess 
the need and uses of the data before planning a 
program for sizing particles in a duct* 
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LESSON PLAN 




Lesson Goal : 

To introduce the student to the field of continuous ,:^pacity monitoring using 
transmissometers. To show instrument design characteristics, typical 
installations, and the relationship of opacity to particulate mass measurements, 

Leason Objectives ; 

The student will be able to: 



1. Define the tenus opacity, transmiti:ance, and transmissometer . 

2, Express the relationship between opacity and transmittance . 

Recognize the proper expression for optical density, 

A. Discuss the EPA requirements for the design and performance of trar.amiss- 
ometers placed on sources regulated by NSPS. 

5. Define the meaning of pho topic and give at least two reasons why light In 
the photopic region is to bo usod in transmissometer design. 

6. Explain that optical density Is proportional tv^ grain loading and discuss 
the advantages and limitations of correlating optical density to grain 
loading, 

7. List several uses of opacity monitors. 

Stude nt Prequisite Skills : 

Some concept of logarithms and exponential iunotiotiH (ni>ti>: students do 
learn about logarithms in high school) 

Level of InL^truction : 

College undergraduate physics 
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Inf nd«d Studant Profegalonal Backferound ; 

General Science 
Support Materials and Equipment ; 

1 . Course workbook 

2. Course manual 

3. Slide projector 

4. Demonstration transmissometer , if available 

Special Instructions ; 

This is the last lecture in the course. Some students may be restless 
by this time, eager to take the post-test and go home. The lecture 
should be given to the point, meeting the objectives, without elaborating 
on details. 

References ; 

Federal Register - Vol. AO, No. 194, October 6, 1975. "Emission Monitoring." 
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Course : ^50 Lecture 18 
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Definition of opacity 
A. 



Opacity Is the percentage, of visible light attenuated 
due to the absorption and scattering of light by partic- 
ulate matter in the flue gas. 



l.lH-1 
Intro. Slide 

lAS-2 



B. Relationship between % opacity and 1 tranKml ttance 
% opacity = 100% - tranamittance 

C. Opacity monitor = transmissometer . 
Transmissometer stands for tiansmiasion meter. 

II. Single-pass transmissometer 

A. Light source, detector, blowers 

B. Point out collimating lenses, fact that light source ; 
anc' detector are on opposite sides ot lenses 

C. Blowers used to keep optics clean 
\ III. Double pass transmissometers 

( A. Point out features 

• H Note that lamp and detector are on same side of stack, , 

allowing for simulated zero and calibration check. 

(• Double pnss systems more expensive than single pass systems, 
i but more likely to meet KPA design and pertormance 

j specifications. | 

! IV. Commercially available Lransmissometers ' 

! A. Many ven.lors - single pass and double pass 

B Vendors of double pass transmissometers ■ 
' ' I.car-Siegler , RAC , (:ontrave?:-(;oert z, Kstcrliuc Angu;. , 

Dynatron, Data test, Anderson-20()i) . 

I 

i 

c, Sin^lt^ pass others on list 

List changes frequently Ui>t up to dalr, vc-iuhu yo 
in anil i'»it of h\isln(\ss. 



(;ive example - 
using overhead • 
projector - look aq 
beam of projector ^ 
0% opacity 100% T, ; 
put a book in front: 
of your eyes 
1007. opacity 0'^ T 



Opac i t y nu>n i tor spec i f i «*at i^nv. 
A, 



Have two types of spec t f icat Ions for monitors required 
under NSPS and STP's 



K Design specifications 
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VII 
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VIII 



ERIC 



Design specif Icatlovis 

1. Spectral response must be in photoplc rtiglon. 

(1 

Angle of view and angle of projection limited to b . 
Calibration error - limited to 3% opacity 



2. 
3. 
A. 



Response time ~ 10 seconds maximum from 0 to 9'>/;, oi 
Cal. value. 

Must have facility for system zero and r.pan checK. 



C. 



Performance Specification 

1. To be performed with monitor placed on «tnc:k. 

2. 2U hour zero drift ^ 2% opacity 

3. 24 hour calibration drift ^ 2% opacity 



Photoplc region - design specification 

A. Photoplc region-visible reslou of the spectrum 400-700nn), 
corresponds to wavelengths the human eye is sensitive to., 
Might have correlations to Method 9. 

B. Chosen since have H^O and CO^ interference in IR region. \ 
W^O not a pollutant. 

C. Smaller particles attenuate light better at shorter , 
wavelengths. Hence the light wavelengths are limited to | 
the photoplc region. | 



Angle of projection and angle of view 

A. Angle of projector - Anp,ln of the cone of light ojected 
by the lamp. 

B. Angle of view - Ai^gle of the cone sensed by the detector 

C. Mmitatlon necessary, so they don't get contribution of 
light frr-im outside volumes. 

D. Most instruments meet or exceed thesr spo- 1 M.at lous. 
Transml ssometer siting 

A. 



NOTES 



Transmissometers are to be placed at a point whirl, vlll j 
give a represen ative value for the opacltv. ' 

IJ. Must be placed In the plane of the bend 

C. Should be in accessible Uuatlon tu allow y,oo,\ srrvltlng 
of the instrument 
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Relationship between emission opacity and monitor opacity 



A. 



0 



1 



1 - (1 - 0^) 



= emission outlet pathHngth 

^ monitor pathlength 

0^ emission opacity 

0^ = monitor opacity 

Used to correlate opacity at stack exit with that seen 
across transmissometer pathlength. 

Necessary in terms of regulation may or may not correlate* 
with EPA Method 9 observation. 



Transmissometer Applications 
A. 



Installation to satisfy EPA continuous monitoring 
requirements - AO CFR 60. 

Installation for process performance data - maintenance 
and repair indicator, process improvement combustion 
efficiency. 

I 

Installation for control equipment operation - ESP tuning 
broken bag detector. 



T ^ --naqe 
e 



D. Correla'.ion with particulate concentration 

E. Maintenance of a continuous emission record. 

XI. Correlation of opacity with particulate concont rat ion 

A. The Beer-Lambert-Bougert relnt lonsl\lp 

T - transmit tance 

n = number of par t los/unit voluinr 
a « mean partlch^ projectod aroa 
q = particle extinction <-ortfirfrnt 
V = effluent path-length 

B. Optical density 



I 



1 , 



o.n. 

K 



log 



10 



1 - opac 1 1 y 



=■ K 



= a constant 
« concentrat ion 
i - pathlength 
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2, Optional density is a measure of the ability of an 
aerosol to attenuate light. 

< 

3, Optical density is proportional to both pathlength 
and particulate conrentrat ion, so long as the particle 
characteristics remain the same. 

A. Can make correlation between EFA Metho^i b i}\v' oiilK-al 
density 

Examples: Lignite for boilers 

Cement kiln emissions 
Bituminous coal-fired boilers 

XIT . Examples of opacity monitoring installations 
A. Durag analyzer on power plant du<-t 

Durag analyzer on power plant duct 

C. Retro-reflector for Durag opacity monitor 

D. Transmlssometer and blower assembly on HPA stationary 
source simulator facility 

E» Lear-Slegler Model //RM4 transmlssometer on power plant 
stack 

F. Lear-Siegler Model //RM4 retroref lei:.tc»r assembly on power 
plant stack 

G. Protective shrouds on transmlssometer located on stack 

H. Portable transmlssometer, Lear-Siegler RM41P on KPA 
stationary source simulator 

XIII. Course closing 

A. This is the last lecture in tlie course. Have the stiuionls 
take a break and then proceed with the post-test. 

B- Post-test 

Students need to achieve 70/f. on pust-t(»st bt^tore cer t i i 1 ({<ir i- 
will be awarded. Certificates will be mailed. Have .nis\ipr 
sheet available so that students may check answi»rs. 

C. Hand out course critiques* N<^ student will recfivf 
certificate unless critique is r<'turned. 

D. Collect {^ost-test nnsw(»r sh(H>(>; .uni rrf(|<jn.-; 
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TOPIC J 



MONDAY LABORATORY 
TKSTRUCTtOHS 



COURSE- UbO Laboratory 1 

LESSON time: 2^ hours 

PREPARED BY DATE 

Giuseppe J. Aldina 10/2/78 



Topics : Laboratories 

1, Reference Method 1 

2, Pltot tube calibration 

3, Wet bulb-dry bulb moisture estimate 
4* Orifice meter calibration 

Lesson Goal : 

Give students hands-on experience with RM5 equipment and procedures - 
Lesson Objectives : 

!• Layout, diagram, and make all necessary decisions and calculations 
for RMl 

2. Collect calibration data for an ''S*' type pitot tube and calculate 

C for legs A and B 
P 

3. Estimate moisture in the stack gas using the wet bulb-dry bulb 
technique 

4. Calibrate the meter console orifice meter for a AH ^ of 0*75 



CFM at 29*92 in. Hg and 68 
Prerequisite Skills : 
None 

Level of Instruction : 

College undergraduate science 

Intended Student Professional Backgroun d : 

Genera] Science 
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Support Hat^rialt and EQulTwient ; 

1. 450 Workbook 

a* RMl pages 20-23 ; Pre-survcy 137-140 
b* Pltot tube calibration pages 24-26 

c. Wet bulb-dry bulb pages 27-32 

d* Orifice neter calibration pages 33-36 

2. Laboratory duct •» see equipment list (Introductory section of this Guide) . 

3. Laboratozy equlpnent -> see equipment list (Introductory section of this Guide) 
as Meter consoles 

bs Staikdard pltot tubes 

Cs Inclined manometers and ring stands 

ds Assembled sampling probes with *'S'* type pltot and nozzle 

e* Tubdng 

f • Thermometers 

gs Cotton wicks and a beaker of 

hs Stopwatches 

Is Extension cords 

js Rulers 

ks Tools 

1» Duct tape 
4* Calculators 
5s Pencils 
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SUPPORTS 



3'' DIAMETER PORTS 



GAS 




GAS ^\ 



6' 



T 

T 

2' 




3" drametei ports 90*^ apart 
r* with one traverse diameter 
in the plane of the bend 
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Figure 1 . Laboratory Duel . 
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Special Instructions t 

1. Assemble duct work before the laboratory is scheduled 
to begin 

2. Seal all Joints in the duct work with duct tape 

3. Label all equipment with a group number 

4. Put wicks on 2 thermometers 

5. Arrange r'eter consoles on tables so there is plenty 
of room around the raHbration duct 

6. Plug equipment into as many different electrical lines 
as possible to prevent overloading circuit breakers 

7. Be sure manometers have proper fluid levels 

8. Provide space and platforms so manometers can be leveled 
on a stable surface 

9. Support long duct sections: top flections from ceiling 

References ; 
None 

Instructor Preparations : 

1. Read all the laboratory procedures and corresponding lectures 

2. Check all equipment operations In advance 

3. Arrange pitot tube experiments at horizontal ports 

A. Arrange meter consoles with stopwatches so there is plenty 
of room around the duct 

5. Using laboratory procedures check orifice tnetor calibrations . 
Record the data as reference. AHi'i should be 1.5-2.1 in. H^O 

b Determining the dry gas meter correction factor using a 

spirometer would be good practice, but it is not neeessarv 
for this laboratory exercise. Assume DdMCF = l.O. 

? Note- Wlien the DGMCF is known the laboratory orifice meter 

calibration is accurate. AFTD - 0576 should be the procedure 
used by the student as a standard practice unless DCMCF is 
determined by spitometer 
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• 8. Divide tha •tudantB Into group* of 6 (unless the student/ 

equipment ratio will allow smaller groups) before class starts 
on Monday 

9. Label each experiment so students can easily identify what 
exercise to read in the workbook 

10. Heat and moistuis can be added to the duct with a small 
propane torch and pyrex beaker v>lth but it Is not 
necessary 

n. A schedule for each group at an experiment may be desirable, 
however, laboratory generally proceeds well without it. 
The schedule would diminish student aaxiety about finishing 
the lab. At a stack test no schedule exists so it may be 
most beneficial to allow students to get a feel for the 
real times required at a test. They will prefer a structure 
but will undoubtedly not keep i" 

12, Post the barometric pressure (for the laboratory) for each 
lab in inches and millimeter of Hg 

" r uctions to the Students ; 

1. All students should read the laboratory exercises in the 
workbook first. (Generally they will not follow this 
direction so be prepared to answer many questions) 

2. Be sure to perform all required experiments (many students 
will try to skip RMl or the wet bulb-dry bulb) 

f 

3. Approach RMl as if no ports were cut into the duct -- 
choose the best and easiest sampling location 

A. Students should not wait around with nothing to do. There are 
enough experiments and equipmeint fo keep them working. If an 
experiment is occupied, they should do another. The meter consul 
and RMl are always available if one of the others is full. 

'). Students should not beat an experiment to death - collect the data 
and move on. 

6. The molecular weight of dry air is 29 g/g-mole (lb 'lb-mole). 
Less than 3% moisture can be considered dry air. 

Pages 40 and 41 of the workbook should hi-, com letod. P.is'.e Al is 
to be handed in on Wednesday morning. 
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Lesson Gk>al : 

To familiarize students with the operation of the orsat analyzer and the 
calculation of stack gas molecular weight 

Lesson Objectives ; 

The stvident should be able to 

1. List the absorbing chemicals used in the orsat and the action of each 

2. Perform a leak test on the orsat analyzer 

• 3, Analyze a gas sample Cor CO^, 0^, and CO using the orsat 
Prerequlajte Skills : 
None 

Level of instruction : 

College undergraduate science 

I n t «;oiHpa__g_tuden^_XlQlg--^. ^ ^Q"^-*- ^^-^' ^g^^'^j- ' 

General Science 
Su£in)ij: Ma terials and Equipment : 

1. 450 workbook page 66 

2. 4 orsat analyzers 
£l3 1 Instructions : 

I. Leak check analyzers before class 

Check reagent efficiency -- it should not take more than 6-8 passes of 
air through the 0^ bubbler to show 20.9% O2 in the air sample. 

213 



RefarT.»est 



FR 8/18/78 
Ins true tor t 

Demonstrate orsat operation and explain bubbler chemicals 



1 . Chemicals 

A. Burette solution - Na„SO. saturated H^O with methyl orange on 
red indicator and H SO to keep it acidic. The burette solution 
Is made this way to keep stack gases from dissolving in it 

B. CO2 Bubbler - 42-46% KOH or NaOH 

C. 0, Bubbler ~ 42-46% KOH on NaOH and about 10-12 gms o^ 
pyrogallic acid Cfor 1 bubbler) 

D. CO Bubbler - Cuprous chloride (Cu"^Cl") dissolved in a solution 
that keeps a high hydrogen ion concentration such as acid or 
aiiinonia with some solid copper to maintain Cu ions in solution. 
This prevents oxidation of the solution before CO is bubbled 
through it. 

2. Operation of the orsat 
A. Leak Test 

1. Use th.v: burette solution as a sort of pump 

2. Fill the burette with the red solution 

3. Open the CO2 bubbler and bring it to the reference mark 

4. Repeat for 0^ and CO bubbler 

5. Be sure all valves are closed 

e. Bring the Hurette solution to the mid point on the scale with 
the level bottle and solution at the same height - equal 
pressure on both sides. Record the reading chosen. 

7. Close the burette valve and set the leveling bottle on the 
table. 

8. After 4 minutes check all liquid levels. IE the level drops 
find the leak. 
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Gas annXyala 

1. Carefully bring 100 cc of gas into the calibrated burette 

2. Push the gas into the bubbler then /.ring it back to the 
burette 

3. Proceed carefully do not mix the chemicals 

4. After 3 passes read the CO, scrubbed by leveling the burette 
solution and leveling bottle. 

5 Record the reading then confirm it by one more pass through 
CO2 bubbler, once is enough. If the reading is constant go 
on to O2 

6. 0^ — analyze as for CO^ but 

a. allow the gas to reside longer in the bubbler 

b. make 6-8 passes before the first reading 

7. CO is analyzed as for CO^. 

Calculations 

- IM B (-ee RM3 lesson outline) 
d X X 
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COURSE A 50 

SOURCE SAMPLING FOR PARTICULATE POLLUTANTS 
INSTRUCTOR'S GUIDE 



WEDNESDAY LABORATORY 
RMS Testing 



Ml 
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LESSON PLAN 




Leseon Goal; 

To give students practice in performing an RMS source test. 
Lesson Objectives; 

The student should be able to; 

1. AppJ.y RMl for particulate sampling and mark the sampling 
probe 

2. Calibraue the sar^pling nozzle 

3. Determine probe-pitot tube alignment in the sampling duct 

4. Record RMS data on appropriate forms 

5. Assemble and disassemble RMS equipment ^ 

6. Solve the Isokinetic sampling rate equation using a 
nomograph or calculator 

7. Operate the RM5 source sampling train 

8. Analyze RMS san^ples collected by these procedures 

9. Make all calculations to determine RMS pollutant emission 
rate 

Prerequisite Skills: 

Monday and Tuesday laboratory 

Level of Instruction: 

College undergraduate science 

Intended Student Professional Background : 
General Science 

218 
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Support Materials and Equipmen t; 

450 Workbook, paget 82-93 

Source Sampling Train 

a. Nozzle - to be calibrated before the test 

b. Pitot tube - calibrated by student group on Monday 

c. Probe 

d. Sample case and glassware 

e. Tared glass mat filter 

f. Umbilical cord 

g. Tools 

h. Meter console - calibrated by student group on Monday 

3. 500 gm of fly ash 

4. Laboratory duct 

5. Tables and supports for placing sample trains Into the 
duct. Use ports cut for Monday lab. 
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Special Instructions : 

1. Instruct students to organize their experiment properly before 
the laboratory following the lab exercise and flow charts. 

2. Give the following assumed Orsat data and moisture estimate for 
the test, unless a real stack is being used, then give data for 
same, if known. 

CO^ = 12.5% 

0^ " 6.2% 

CO = 0.1% 
Approximate » 5% 

3. Assemble the sampling trains for the students (they can get 
experience with hands-on while disassembling.) 

A. Implngers and silica gel should be: 

a. 120 ml 

b. 100 ml 

c. Dry 

d. 200 gm silica gel 

but tell the students to assume that there is only 100 ml in 
each impinger ( 1 and 2 ) (if they sample about 30-35 cubic feet 
this will yield 3-5% moisture in the sample) . 

If a real stack is being sampled, use 100 ml. 

5. Analysis for the lab - students should: 

a. Weigh silica gel after the test 

b. Measure H2O in the implngers 

c. Weigh the filter with the particulate catch 

d. Weigh probe wash after dried over-night. If this can't be 
done because of time, on*> of the instructors, or his 
a«5sistant, should do it and provide students with the data. 



References 

Federal Register - Vol. A2, No. 160, August 18, 1977. "Standards of 
Performance for New Stationary Sources - Revision to Reference Methods 1-8, 




Instructors should : 



1« Encourage students to work out their own sampling team assignments 

2. Read the lecture and laboratory exercises 

3. Be available for questions and to help students perform 
the test 

4. Check student calculations of K or nomograph settings 

5- Work out with students how sampling will be done. 

Suggested method is to have one team start at the far 
points in the duct and work outward while the other 
works its way in. This has proven good practice in 
past courses* 

6. Try to put the equipment on separate electrical 
circuits to prevent power outrages. If the load 
frequently trips the circuit breaker turn off the 
probe and filter heaters in the trains 

7. Add fly ash to the duct in small amounts until several 
hundred grams have been fed in. One way of adding the fly ash 

is to punch a hole in the duct, and supply the ash using a funnel 
or some other apparatus. Note: Don't add too much or it might 
start leaking out of the cracks in the duct. The concentration 
of particulate can be approximated from the weight added to the 
duct and the volume of ductwork system. 
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Method 5 Particulate Test 
CakoUlion Form 



1. Neccessary Data 

A. Reference Method #1 

• Area of stack ft^ 

• No. of equivalent diameters upstream 



• No. of equivalent diameters downsir^^am 

• No. of traverse points 

• Total test time {d) .minutes 

B. Reference Method #2 

• Average stack temperature Tg °F + 450- - 

• Stack absolute pressure in. Hg. 

• Barometric Pressure in. Hg. 

.(VA^)ave (in- "20)^'^ 

C. Reference Method #3 

• %C02 ; %02- •. %CO . %N2 

D. Reference Method #4 

• Water collected 

Impinger H2O ml 

Silica Gel gm 

E. Reference Method #5 

• Area of nozzle _ ft2 

• Average AH in. H2O 

• Average meter temperature Tm °^ 

• Dry gas meter correction factor 

• Volume metered Vm= CF 

• Particulate Weight gm 



11. ( iilaiii»ns 

A. .Sla.ul.ua VoluMH- Mrir.r.l N D.v (.-.s M'"' • -H -.u 1... .... 

Mi 



+ 460 = . 2R 



' ^id \ I m / 



Vm(sid)- '^m^ 

- Mil ^ » »• ' 
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B. Moisture Content of Stack Gas 

1 . H2O collected in Impingers in standard cubic feet 

Vwc(std) = I^(Vf-Vi) 

Vwc= ^04707 ft3/ml ( ml) - scf 

2. H2O collected in silica gel in standard cubic feet 
Vwsg(std)=K(Wf-Wi) 

Vwsg(std) = 0.04715 ft3/gm ( gm) = scf 

3. Moisture content of stack gas (B^s) 

Vwc(std) + ^wsg(std) 



Vwc(std) + Vwsg(std) + Vjn(std) 

( scf) + ( scf) 



( scf) + ( scf) + ( scf) 

C. Molecular Weight of Stack Gas (Ib/lb mole) 

1. Md (Dry molecular weight) = SMxBx 

Md = (.44) %C02 + (.32) %02 + 

(.28)_ %CO + (.28) %N2= lb/lb-m.ole 

2. Ms (Wet Molecular Weight) = Md(l - B^s) + 18 B^g 

M ^ (1- )+ 18^ )= Ib/lb-mole 

s 



D. Average Stack Gas Velocity 



Vs = 



Vs = 85.49 ft /sec 



/ Ib/lb-mole (in. Hg)V '^ l/ 

\ °R(in.H20) / y 

|/ (ni. Il2(>) I ( ■•><•< 



(_ )°R 

( ill I l}i)( lb 11) luolc) 



E. Average Stack Gas Volurnetrit Flow Kuir 

I'std »'.s 

Qs = (3600 sec/hr)(Vs)(As)(l - Bws) r;^— ..t" 

* sid ' s 

528 «K in. 

Q^-(3600 sec/hr)( fi/sec)( it^)(] ) Hm ^- 

Q^^ ■ _ _ <is( f In 
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PoUutani Mass Rate 

PMR = "^^^ X Q, 
Vm(std) 

PMR=: ^ X dsdVhr X ! = ,lb/hr 

dscf 454 gm/lb 

% Isokinetic Variation (Intermediate Data) 
(std)PstdlOO 



%I = 



An^sPsTstd60(l-B,,s) 



( ° R)(- d.scf)(29.92 in. Hg) 

( ft^K min)( ft/sec)( in. Hg)(528°R)(60 se(:/inin)(l - 
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Assembled sampling duct constructed of 12 inch galvanized ductwork 
Laboratories 1 and 3 
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RAC Sample Ca.««» witJi glassware and sainpling probe 
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HANDOUTS FOR COURSE 450 
SOURCE SAMPLING FOR PARTICULATE POLLUTANTS 
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CHArTU I^VIKONMENTAL PiOTKTlON 
AOiNCY 

CFRL 833*1] 

f AiT •O^ITAMDARDl Of HtWtMAMCI 
POft NIW ITAf lONAiY MUtCIS 

AGENCY: Environmental Protection 
Agency. 

ACnOn : Final nUe. 
SUMMARY: The stwidtrcto Umit emii- 
lioni of total reduced lulfur (TRS) 
and particulate matter ttnm new, 
modified, and reconstructed kraft pulp 
mills. The standards Implement the 
Clean Air Act and are based on the 
Administrator's determination that 
emissions from Jcraft pulp mills con- 
tribute significantly to air pollution. 
The intended effect of these standards 
Is to require new, modified, and recon- 
structed kraft pulp mills to use the 
oaat demonstwited ayatew of continu- 
ous emission reduction. 
ETFECTIVE DATE: February 23, 
1978. 

ADDRESSES: The Standards Support 
and Environmental Impact Statement 
(SSEIS) may be obtained from the 
U S. EPA Library (MD-35), Research 
Triangle, Park. N.C. 27711 (specify 
• Standards Support and Environmen- 
tal Impact Statement. Volume 2: Pro- 
mulgated Standards of Performance 
for Kraft Pulp Mills'' (EPA-450/--76- 
014b)). Copies of all comment letters 
received from interested persons par- 
ticipating in this rulemaking are avail- 
able for inspection and copying during 
normal business hours at EPA's ^blic 
Information Reference Unit. Room 
2922 (EPA Library), 401 M Street SW., 
Washington, D.C. 

FOR FURTHER INFORMATION 
CONTACT: 
Don R. Goodwin. Emission Stan- 
dards and Engineering Division, En- 
vironmental Protection Agency. Re- 
search Triangle Park. N.C. 27711. 
telephone No. 919-541-5271. 
SUPPLEMENT ARY INFORMATION: 
On Septembei 24. 1976 (41 FR 42012). 
standards of performance were pro- 
posed for new. modified, and recon- 
structed kraft pulp mills under section 
111 of the Clean Air Act. as amended. 
The significant comments that \^ere 
received durnig the public comment 
period have been carefully reurut-d 
and considered and uhere determined 
by the Administrator to appropri- 
ate, changes have been Included in 
this notice of final rulemaking. 
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Tnt STAHDAaDi 

The standards limit emissions of par- 
ticulate matter from three affected fa- 
cilities at kraft pulp mtlla. The llmlta 
are* 0.10 gram per dry standard cubic 
meter (g/dscm) at 8 percent oxygen 
for recovery furnaces 0,10 gram per 
kilogram of black llQuor sollda (dry 
weight) (g/kg BLB) for smelt dissolv- 
ing Unks. 0.15 g/dacm at 10 percent 
oxygen for lime kilns when burning 
gaa, and 0.30 g/dscm at 10 percent 
oxygen for lime kilns when burning 
oil Visible emissions from recovery 
furnaces are limited to 38 percent 
opacity. 

The standards also limit emissions of 
TRS from eight affected facilities at 
kraft pulp mills. The llmlta are: ^pvU 
per million (ppmJ by volume at W per- 
cent oxygen from the dtiMter sys- 
tems, multlple-effect evaporator sys- 
tems, brown stock washer sygtems, 
black liquor oxidation systems, and 
condensate stripper systems; 6 ppm by 
volume at 8 percent oxygen from 
straight kraft recovery furnaces, 8 
ppm by volume at 10 percent oxygen 
from lime kilns; and 28 ppm by volume 
at 8 percent oxygen from cross recov- 
ery furnaces, which ate defined as fur- 
naces burning at lewt ' ,P«n«n^ JJSJ^: 
tral sulfite semi-chemioal <NMC) 
liquor and having a green liquor sUlfl- 
dlty of at least 28 percent. In addition, 
TRS emissions from amelt dissolving 
tanks are limited to 0.0084 g/kg BLS. 

The proposed TRS standard for the 
lime kiln has been changed, a separate 
TRS standard for cross recovery fur- 
naces has been developed, and the pro- 
posed format of the standard* for 
smelt dissolving tanks, digesters, mul- 
tiple-effect evaporators, brown stock 
washers, black liquor oxidation and 
condensate strippers have been 
changed. The TRS. particulate matter 
and opacity standards for the other fa- 
cilities, however, are essentiAlly the 
same as those proposed. 

It should be noted that standards of 
performance for new sources ectab- 
llshed under section HI of the Clean 
Air Act reflect emission limits achiev- 
able with the best adequately demon- 
strated technological system of con- 
tinuous emission reduction considering 
the cost of achieving such emission re- 
ductions and any nonalr quality 
hettivii, environmental, and energy im- 
pacts. State Implementation plans 
(SIP*s) approved or promulgated 
under section HO of the Act, on the 
other hand, must provide for the at- 
tainment and maintenance of national 
ambient air quality standards 
tNAAQS^ druiuned to protect public 
health and uelfari. For that purpose 
SIFs mu.-t in some cases require 
groaier t nivs;on vcduc: ions than those 
requirrd by standards of pri formance 
for new sources. S. Mion 173^2^ of the 
Clean Air Acn. as amended in i977, re- 
quires, among oinrr thmg.v thai a new 



or modified source wmftrurtad In •« 
area which exceeds the NAAQB must 
reduce emissions to the level wmeh re* 
necu the "lowest achievatrit emission 
rate" for such category of aouree* 
unless the owner or operator tftmon- 
strates that the source cannot •enleve 
such an emission rate. In no ewnt ean 
the emission rate exceed any applica* 
ble standwd of performance. 

A similar situation may arise when a 
major emitting facility U to be con- 
atructed:in a geographic 
falls under the prevention of aiBnixi* 
cant detiWcration of air quality provi- 
sions of the Act (Part C). These provi- 
iions require, "nong other thin^ 
that major emitting facilities to be 
constructed in such areas to be 
subject tp best available oon^l tech- 
nology. The term *^best avaOtbie con- 
trol technology" (BACT) 
emission limitation based on the maxi- 
mum degree of reduction of each pol- 
lutant subject to regulation under this 
Act emitted from or which resulta 
from any major emitting fMilityt 
which the permitting authority, on. a 
case-by-case basis, talUng into account 
enem*. environmental, and econo mic 
imDaots and other costs, detefmnies it 
achievable for suoh facility ttmufh 
application of production piOOSSMs 
and avaUable methods, systems, ana 
techniques, including fuel deasunv or 
treatment or innovative fuel oomboa- 
tion techniques for control of each 
such pollutant. In no event shall appli- 
cation of 'best available control tech- 
nology' result in emisslona of any pol- 
lutants which will exceed the emis- 
sions allowed by any applicable stan- 
dard established pursuant to section 
111 or 112 of this Act." 

Standards of performance should 
not be viewed as the ultimate in 
achievable emission control and 
should not precMi-ie the imposition of 
a more atringrnr emission standard, 
where approp> late. For example, cost 
of achivemen. may be an important 
factor In detei mining standard* of per- 
formance applicable to all areas of the 
country (clean as well as dirty). Costs 
mrst be accorded far less weight In de- 
termining the 'lowest achievable emis- 
sion rate'* for new or modified sources 
locating in areas violating statutorily- 
mandated health and welfare stan- 
dards. Although there may be emis- 
sion control technology available that 
can reduce emissions below those 
leveli required to comply with stan- 
dards of performance, this technology 
might not be selected as the t>asls of 
standards of performance due to costs 
associatrd with its use. This in no way 
should preclude us use in situations 
where cost is a Wv>s(^v consideration. 
>jch a.s doternimaiion of Ihe iowest 
achievable emission rate.** 

In addition. States are free under 
section 116 of the Act to establish even 
more stringent emission limits than 
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those established under section 111 or 
ihOM ntc^Mry to attain or maintain 
the WAAQ8 under sectton UO. Thus, 

new sources may In some cases be sub- 
ject to limitations more stringent than 
standards of performance under sec- 
tion 111. and prospective owners and 
operators of new sources should be 
aware of this possibility In planning 
for such facilities. 

Environmental and Economic Impact 

The promulgated standards will 
reduce particulate emissions about 50 
percent below requirements of the 
average existing State regulations. 
TRS emissions will be reduced by 
about 80 percent below requirements 
of the average existing State regula- 
tions, and this reduction will prevent 
odor problems from arising at most 
new kraft pulp mills. The secondary 
environmental impacts of the promul- 
gated standard will be slight increases 
In water demand and wastewater 
treatment requirements. The energy 
impact of the promulgated standards 
Will be small, increasing national 
energy consumption in 1980 by the 
equivalent of only 1.4 million barrels 
per year of No. 6 oil. The economic 
impact Will be small with fifth-year 
annualized costs being estimated at 
$33 million. 

Public Participation 

Prior to proposal of the standards, 
interested parlies were advised by 
public notice in the Fedfral Reuister 
of a meeting of the National Air Pollu- 
tion Control Techniques Advisory 
Committee. In addition, copies of the 
pioposed standards and the Standards 
Support and Environmental Impact 
Statement (SSEIS) were distrubited to 
members o^ the kraft pulp industry 
and several environmental groups at 
the time of proposal. The public com- 
ment period extended from September 
24. 1976. to March 14. 1977. and result- 
ed* in 42 comment letters with 28 of 
these letters coming from the indus- 
try. 12 from various regulatory agen* 
cies. and two from U.S. citizens. Sever* 
al comments resulted in changes to 
the proposed standards. A detailed dls* 
cusiilon of the comments and change:* 
which resulted is presented in Volume 
2 of ^'le SSEIS. A summary Is pre.sent- 
ed her e. 

SlGNrriCANT COMMKNTS AND CilANGKS 
MADt: IN THE PROPOSK) H KUVI ATIONS 

Most of the commnU U'ttrrs re- 
Cfivfd rontainrd i-riuUiplr comrnHUs. 
The most .siKnifirant romnu^nts and 
fhan^rs made to the proposrd rrj^uhi- 
tion.s arc discussed I ' low 

impacts of THF F}.'.>rC)SK'> .smnd\kos 

Sc'\fral commtMitrrs » \pr;ssrd coiv 
corn about tin- iTi( r« *'nt'rgy con- 
sumption vkhu'l* \^»)uld rv>)Uli from 
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compliance with proposed standards. 
These commenters felt that this would 
conflict with the Depwtment cf Encr- ^ 

gy's goal to reduce total energy con- 
sumption in the pulp and paper lnd\is- 
try by 14 percent. This factor was con- 
sidered in the analysis of the energy 
impact associated with the standards 
and is discussed in the SSEIS. Al- 
though the standards will increase the 
difficulty of attaining this energy re- 
duction goal, the 4.3 percent Increase 
in energy u.sage that will be required 
by new, modified, or reconstructed by 
kraft pulp mills to comply with the 
standards is considered reasonable in 
comparison to the benefits which will 
result from the corresponding reduc- 
tion In TRS and particulate matter 
emissions. 

EMISSION CONTROL TECHNOLOCY 

Most of the comments received re- 
garding emission control technology 
concerned the application of this tech- 
nology to either lime kilns or recovery 
furnaces. A few comments, however, 
expressed concern with the use of the 
oxygen correction factor included in 
the proposed standards for both lime 
kilns and recovery furnaces. These 
commentera pointed out that adjust- 
ing the concentration of particulate 
matter and TRS emissions to 10 per- 
cent oxygen for lime kilns and 8 per- 
cent oxygen for recovery furnaces 
only when the oxygen concentration 
exceeded these values effectively 
placed more stringent standards on 
the most energy-efficient operators. 
To ensure that the standard is equita- 
ble for all operators, these com- 
menters suggested that the measured 
particulate matter and TRS concen- 
trations should always be adjusted to 
10 percent oxygen for the lime kiln 
and 8 percent oxygen for the recovery 
furnace. 

These comments are valid. Requir- 
ing a lime kiln or recovery furnace 
with a low oxygen concentration to 
meet the same emission concentration 
as a lime kiln or recovery furnace with 
a high oxygen concentration would ef- 
fectively place a more stringent emis- 
sion limit on the kiln or furnace with 
the low oxygen concentration. Conse- 
quently, the promulgated standards 
require correction of particulate 
matter and TRS concentrations to 10 
percent or 8 percent oxygen, as appro- 
priate, in all cases. 

Lime Kilns. Numerous comments 
v^ere received on the emission control 
technology for lime kilns. The main 
points questioned by ihe commenlers 
vkere. (a) Whethrr caustic .scrubbing is 
efft'ctive m roclucing TRS emis^sions 
from lime kiln.s; (b) whether an ovrr- 
desiKn of the mud uashinK fat ihtirs at 
hmf' kiln E vka.s re.sponsible for the 
lower TRS emissions observed at this 
lime kihi. and ic^ the adequacy of the 
data bn.se used \n devolopir»K the TRS 
sttindard. 
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The effectiv»'ne.ss of caustic scrub, 
blng is substantiated by comparison of 
TRS er^lMlons during brief periods 
when caustic was not being added to 

the scrubber at lime kiln E, with TRS 
emissions during normal operation ai 
lime kiln E when caustic is being 
added to the scrubber. These observa- 
tions clearly indicate that TRS eml.s- 
sions would be higher if caustic was 
not used In the scrubber. The ability 
of caustic scrubbing to reduce TRS 
emissions is also substantiated by the 
experience at another kraft pulp mill 
which was able to reduce TRS emis- 
sions, from Its lime kiln from 40-50 
ppm to about 20 ppm merely by 
adding caustic to the scrubber. These 
factors, coupled with the emission 
data showing higher TRS emissions 
from those lime kilns which employed 
only efficient mud washing and good 
lime kiln process control, clearly show 
that caustic scrubbing reduces TRS 
emissions. 

The mud washing facilities at lime 
kiln E are larger than those at other 
kraft pulp mills of equivalent pulp ca- 
paclty- This "overdeslgn" resulted 
from initial plans of the company to 
process lime mud from waste water 
treatment. These waste water treat- 
ment plans were later abandoned. 
Since the quality or efficiency of mud 
washing has been shown to litm sig- 
nificant factor In reducing TRP^tmis- 
slons from lime kilns, the larger mud 
washing facilities at lime kiln E un- 
doubtedly contributed to the low THS 
emissions observed at this kiln. With 
the data available, however, it is not 
possible to separate the relative contri- 
bution of these mud washing facilities 
to the low TRS emissions observed 
from the relative contributions of 
good process operation of the lime Kiln 
and caustic scrubbing. 

Comments questioning the adequacy 
of the data base used in developing 
the standards for lime kilns ^^ere 
mainly directed toward the following 
points: the TRS standard was based on 
only one lime kiln: sampling losses 
which may have occurred during test- 
ing were not taken into account; and 
no lime kiln met both the TRS stan- 
dard and the particulate standard. 

As mentioned above, the TRS stan- 
dard l3 based upon the emission con- 
trol system installed at lime kiln E 
(i.e.. efficient mud wa>hing. good lime 
kiln process operatic n. and cau.stu- 
scrubbing). While it Is true that no 
other lime kiln in the United States is 
currently achieving the TK3 t:Miu.s.sion 
levels observed at lime kiln E. there is 
no other lime kiln in the United Slate:, 
which i.s u.smg the same emission con- 
trol system that is employed al this fa 
(ility. As discussed m the SSKl^). an 
analysis of the various parameters m- 
fhiencmg THS emissions from lime 
kilns mdirates that this system of 
emission reduuion could be apphed to 
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All new, modUied. or reconstructed 

lime kilns and achieve the same reduc- 
tion In emissions as observed at lime 
kiln E. Section 111 of the Clean Air 
Act requires that "standards of perfor^ 
mance renect the degree of emission 
reduction achievable through the ap- 
plication of the best system of con- 
tinuous emission i eduction which 
(taking into consideration the cost of 
achieving such emission reduction, and 
any nonair quality health and environ- 
mental Impact and energy require- 
ments) the Administrator determines 
has b«en adequately demonstrated for 
that category of sources." Litigation of 
standards of performance has resulted 
in clarification of the term "adequate- 
ly demonstrated." In Portland Cement 
Association v. Ruckelshaus (486 F. 2d 
375. D.C. Circuit, 1973). the standards 
of performance were viewed by the 
Court as "technology-forcing." Thus, 
while a system of emission reduction 
must be available for use to be consid- 
ered adequately demonstrated, it does 
not have to be in routine use. Howev- 
er, m order to ensure that the numeri- 
cal emission limit selected was consis- 
tent with proper operation and main- 
tenance of the emission control syctem 
on lime kiln E. continuous monitoring 
data was examined. This analysis Indi- 
cated that an emission source test of 
lime kiln E would have found TRS 
rmi.ssion above 5 ppm greater than 5 
percent of the time. This analysis also 
indicated, however, that it was very 
unlikely that an eml.ssion source test 
of lime kiln E would have found T^^S 
emissions above 8 ppm. Thus, it ap- 
peared that the 5 ppm TRS numerical 
emission limit included in the pro^ 
oosed standard for lime kilns wa.s too 
stringent. Accordingly, the numerical 
emission limil included in the promur 
galrd TRS standard for lime kilns has 
been revised lo 8 ppm. As discussed 
later in this preamble, consistent with 
this change in the numerical emission 
limu. the excess emissions allowance 
inrluded within the emission monitor- 
mix requirements has been eliminated. 

This does not reflect a change in the 
basis for the standard. The standard is 
still ba.sed on the best system of emls- 
sion reduction, considering costs, for 
roniri^Ming TRS emissions from lime 
kilns (i.e.. efficient mud washing, good 
hme kiln process operation, and caus- 
tic scrubbing). This system, or one 
equivalent to U. will still be required 
to romply \\ith the standard. 

Sinc^' proposal of the standards. 
.sampU^ losses of up to 20 percent 
during emission source testing have 
been confirmed. Although these losses 
\xvre not considered in selecting the 
numerical emission limit Included in 
the proposed TRS emi.ssion standard, 
they have been considered in selecting 
tl'»e numerical enu.ssion limil included 
in the promulgated standard. Also, 
since the amount of sample loss that 



occur* within the TRS emiwion mea- 
surement system during source testing 

can be determined, procedures have 
been added to Reference Method 16 
requiring determination of these losses 
during each source test and adjust- 
ment of the emission dota obtained to 
take these losses into account. 

With regard to the ability of a lime 
kiln to comply with both the TRS 
emission standard and the particulate 
emission standard simultaneously, 
caustic scrubbing will tend to Increase 
particulate emission* due to release of 
sodium fume from the scrubbing 
liquor. Compared to the concentration 
of particulate matter permitted in the 
gases discharged to the atmosphere, 
however, the potential contribution of 
sodium fume from caustic scrubbing Is 
quite small. Consequently, with proper 
operation and maintenance, sodium 
fume due to caustic scrubbing will not 
cause particulate emissions from a 
lime kiln to exceed the numerical 
emission limit Included In the promul- 
gated standard. 

Recovery Furnace. A number of com- 
ments were received regarding both 
the proposed TRS emission standard 
and the proposed particulate emission 
standard for recovery furnaces. Basi- 
cally, the major Issue was whether a 
cross recovery furnace could comply 
with the 5 ppm TRS standard or 
whether a separate standard was nec- 
essary. 

Review of the data and Information 
submitted with these comments Indi- 
cates that the operation of cross recov- 
ery furnaces is substantially different 
from that of straight kraft recovery 
furnaces. The sulfidity of the black 
liquor burned in cross recovery fur- 
naces and the heat content of the 
liquor, both of which are significant 
factors influencing TRS emissions, are 
considerably different from the levels 
found in straight kraft recovery fur- 
naces. 

Analysis of the data indicated that 
THS ♦•missions v;ere generally le.ss 
Ihati 25 ppm. with only occasional ex- 
cursions exceeding this level. Conse- 
quently, the promulgated TRS emis- 
sion standard has been revised to in- 
clude a .separate TUS numerical emis 
sion limit of 25 Ppm for cross recovery 
furnaces. 

Smelt Dissolving Tank. Numercnis 
comments were received concerning 
the format of the proposed THS and 
particulate emission standards for 
smelt di.'vsolving tanks. These com- 
ment-s pointed out that standards in 
term.s of emissions per unit of air dried 
pulp were inequitable for kraft pulp 
mills which produced low*-yield pulps 
since both TRS and particulate emis- 
sions from the smelt dissolving tanks 
are proportio.nal to the tons of black 
lu,uor .solids (k^ Into the ihuks. The 
t)lack liquor sohas produced per ton of 
air dried pulp, however, can vary sub- 



stantially from mill to mill. A standard 
In terms of emissions per unit of air- 
dried pulp, therefore, requires greater 
control of emlssl ms at kraft pulp mills 
which use low-yield pulps (higher 
solids-to-pulp ratio). 

Review of these comments does 
Indeed indicate that the format of the 
proposed standards was inequitable. 
The format of the promulgated stan- 
dards, therefore, has been revised to 
emissions per unit of black liquor 
solids fed to the smelt dissolving 
tanks. Since the percent solids and 
black liquor flow rate to the recovery 
furnace Is routinely monitored at kraft 
pxilp mills, the weight of black liquor 
soildfl corresponding to a particular 
emissions period will be easy to deter- 
mine. 

Brown Stock Washers, Several com- 
ments expressed concern about com- 
bustion of the high volume-low TRS 
concentration gases discharged from 
brown stock washers and black liquor 
oxidation facilities In recovery fur- 
naces without facing a serious risk of 
explosions. As discussed in the SSEIS. 
Information obtained from two kraft 
pulp mill operators Indicates that this 
practice Is both safe and reliable when 
it is accompanied by careful engineer- 
ing and operating practices. Danger of 
an explosion occurring is eisentially 
eliminated by introducing the gases 
high In the furnace. Since some older 
furnaces do not have the capability to 
accept large volumes of gases at 
higher combustion port.s. this practice 
may not be safe for sonv- existing fur- 
naces. In addition, the costs associated 
with altering these funiaces to accept 
these gases are frequently prohibitive. 
Coasequenlly. the promulgated stan- 
dards include an exemption for new, 
modified, or reconstructed brown 
stock washers and black liquor oxida- 
tion faeiliile.s \xithin exi.stlng kraft 
pulp mills where combustion of these 
gases in an ♦•xisting facility is not fea- 
.sible from a safety or economic stand- 
point . 

CONllNloeS MONITORING 

Numrrous ctumnent^^ were re<'elve(i 
C(incernnig Ihr proposed continuous 
niuntloring requirement's. Generally, 
these comments questioned the re 
quirernent to install TR8 monitors in 
h^ht (^f the absence of performance 
spreifu-ations for the.se monitors. 

At the time of proposal of the stan 
dards. both KPA and the kraft pulp 
mill uidu.stry wt-re en>?aK''d In de\>'lop 
inK prrforniance specifications for 
THS continuous emission monitoring 
systems. It v.as expected that this 
work would lead to performance sped- 
firation.s fnr the.se monitoring systems 
by ;he time the standards of perfor 
mance w^re ;vronuil»?ated Unfortu 
natelv. this is not tf^e ctuse In a joiir 
EPA industry effort, the compalibilit v 
of various fUH fiiussion monitoring 
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methoda with Reference Method Ifl, 
whtch Is the pefform^nee twt method 

to determine TRS emissions. Is still 
under study. There Is little do"bt but 
that theae TRS emission mor toring 
systems will be shown to be compati- 
ble with Reference Method le. and 
that performance specifications for 
thx-se systems will be developed. Con* 
ser<uently. the promulgated standards 
include TRS continuous emission nton- 
Itoring requiremenU. These require- 
ments, however, will not become effec 
tlve until performance specifications 
for TRS continuous emission monitor- 
ing systems have been developed. To 
accommodate this situation, not only 
for the promulgated standards for 
kraft pulp mills, but also for sUndards 
of performance that may be developed 
in the future that may also face this 
situation, section 60.13 of the General 
Provisions for subpart 60 Is amended 
to provide that continuous monitoring 
systems need not be Installed until 
performance specifications for these 
systems are promulgated under Ap- 
pendix B to subpart 60. This will 
ensure that all facilities which are cov- 
ered by standards of performance will 
eventually install continuous emission 
monitoring systems where reo^ired. 

EXCESS EMISSIONS 

Numerous comments were received 
which were concerned with the excess 
emission allowances and the reporting 
requiremenU for excess emissions. In 
general, these comments reflected a 
lack of understanding with regard to 
the concept of excess emissions. Con- 
sequently, a brief review of this con- 
cept is appropriate. 

Standards of performance have two 
major objectives. The first U Installa^ 
tlon of the best system of emission re- 
duction, considering costs: and the 
second is continued proper operation 
and maintenance of the system 
throughout lU useful life. Since the 
numerical emission limit Included In 
standards of performance Is selected 
to reflect the performance of the best 
system of emission reduction under 
conditions of proper operation and 
maintenance, the performance test, 
under 40 CFR 60.8 re:.^'.•esents the abil- 
ity of the source to meet these objec- 
tives. Performance testa, however, are 
often time consuming and complex. As 
a result, while the performance test is 
an excellent mechanism for achieving 
these objectives. It is rather cumber- 
some and inconvenient for routinely 
achieving these objectives. Therefore, 
the Agency believes that continuous 
monitors must play an Important role 
m meeting these objectives. 

Excess emissions are defined as emis 
slons exceef^^ng the numerical emis^ 
sion limit iiKladed in a standard of 
performance Continuous emi.ssior. 
monitoring, therefore, identifies peri 
ods of excess eniLSSion* aj^d when ram 
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blned with the requirement that these 
peHods be reported to EPA. it provWee 

the Agency with a useful mechanism 
for achieving the previously men- 
tioned objectives. 

Continuous emission monitoring, 
however, will Identify all periods of 
excess emissions. Including those 
which are not the result of Improper 
operation and maintenance. Excess 
emissions due to start-ups. shutdowns, 
and malfunctions, for example, are un- 
avoidable or beyond the control of an 
owner or operator and cannot be at- 
tributed to Improper operation and 
maintenance. Similarly, excess emis- 
sions as a result of some Inherent vari- 
ability or fluctation within a process 
which influences emissions cannot be 
attributed to improper operation and 
maintenance, unless these fluctallons 
could be controlled by more carefully 
attending to those process operating 
parameters during routine operation 
which have little effect on operation 
of the process, but which may have a 
significant effect on emissions. 

To quantify the potential for excess 
emissions due to Inherent variability 
in a process, continuous monitoring 
data are used whenever possible to cal* 
culate an excess emission allowance. 
For TRS emissions at kraft pulp mills, 
this allowance is defined as follows. If 
a calendar quarter Is divided into dis- 
crete contiguous 12-hour time periods, 
the excess emission allowance Is ex- 
pressed as the percentage of these 
time periods. Excess emissions may 
occur as the result of unavoidable vari- 
ability within the kraft pulping pro- 
cess. Thus, the excess emissions 
allowance represents the potential for 
excess emissions under conditions of 
proper operation and maintenance in 
the absence of start ups, shutdowns 
and malfunctions, and Is used as a 
guideline or screening mechanism for 
Interpreting the daU generated by the 
excess emission reporting require- 
ments. ^ ^ . 

Although the excess emission report- 
ing requirements provide a mechanism 
for achieving the objective of proper 
operation and maintenance of the best 
system of emission reduction, this 
mechanism is not necessarily a direct 
indicator of improper operation and 
maintenance. Consequently, excess 
emission reports must be reviewed and 
Interpreted for proper decisionmaking. 

In general, the comments received 
concerning the excess emission report- 
ing requirements questioned* (1) The 
adequacy of the TRS excess emission 
allowance for lime kilns and (2) the 
lack of a TRS excess emission 
allowance for recovery fumacos. 

With regard to the adequacy of the 
TRS excess emissions allowance for 
lime kiltvs. a reevaluation of the TRS 
emission dalH from lime kiln E K^d the 
Agency to the conclusion that, for a 
TRS enusMon limit of 5 ppm. an 
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exces^s emission allowance of 6 percent 
waa appropriate. However, a similar 
analysis also Indicates that an axoeai 

emission allowance Is not appropriate 
at a TRS emission level of 8 ppm. Ac- 
cordingly, the exce.^is emission report- 
ing requirements included In the pro- 
mulgated standard for lime kilns con- 
tains no excess emission allowance. 
This does not represent a change m 
the basis of the standard. The stand- 
ard will still require installation of the 
best system of emlsj-lon reduction, con- 
sidering costs (I.e.. efficient mud wash- 
ing, good lime kiln process operation, 
and caustic scrubbing: or an alterna- 
tive system equivalent to the perfor- 
mance of this system). 

With regard to the lack of a TKS 
excess emission allowance for recovery 
furnaces at the time of proposal of 
the standards, no TRS continuous 
emission monitoring data were avail- 
able from a well controUed and well 
operated recovery furnace which could 
be used to determine an excess emis- 
sion allowance. Several months of 
TRS continuous emission monitoring 
data, however, were submitted with 
the comments received from the oper- 
ator of recovery furnace D concerning 
this point. , ^. * » 

A review of the data Indicates that, 
while some of the excursions of TRS 
emissions above 5 ppm reflected either 
iraproper operation and maintenance, 
oT start-ups. shutdowns, or malfunc- 
tions, most of these excursions reflect- 
eii unavoidable normal variability In 
the operation of h kraft pulp mill re- 
covery furnace. Discounting those ex- 
cursions In emissions from the data 
which were due to Improper operation 
and maintenance, or start-ups, shut- 
downs, or malfunctions Indicates that 
an excess emission allowance of I per- 
cent Is appropriate for all recovery 
furnaces. , . 

Including an excess emissions 
allowance in the promulgated stan- 
dards for recovery furnaces, but not 
for lime kilns, is a reversal of the pro- 
posed requirements. Including such an 
allowance for recovery furnaces but 
not for lime kilns, however, is consis- 
tent with the nature of the different 
emission control systems which were 
selected as the bases for these stan- 
dards The emission control system 
upon which the TRS standard for re- 
covery furnaces is based consists or 
black liquor oxidation and good pro- 
cess operation of the recovery furnace 
for direct recovery furnaces, and good 
process operaUon alone for indirect re- 
covery furnaces. Neither of these emLs- 
sion control systems are particularly 
well suited to controlling fluctuations 
in the kraft pulping process. Thus, 
fluctuations In the process tend to 
pass through the emission control 
system and show up as fluctuations In 
TRS eml&sioas 

The emission control syst^^m upon 
which the TRS standard for lime kilro 
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^ is based conslsto of efficient mud 

wajihInB. good process operation of the 

Umo kiln, and caustic scrubbing of the 
Ka.ses discharged from ihe lime kiln. 
As with the emission control system 
upon which the standard for recovery 
furnaces is based, the first two emis- 
sion t-MUrol techniques (i.e., mud 
washing and good process operation) 
are not particularly well suited to con- 
trolling fluctuations in the kraft pulp- 
ing process. The third emission control 
technique, however, caustic scrubbing, 
is an add on" emission control tech- 
nique that can be designed to accom- 
modate fluctuations in TKS emissions 
atid minimize or essentially eliminate 
the.se fluctuations. 

FMT*i*?tr>N TF.ST1NG 

A few comments were rec(»ived 
uhirh questioned the validity of the 
results obtained by Reference Method 
16. due to sample losses and sulfur 
dioxide (SO,) interference. 

With regard to the validity of the re- 
.suits obtained by Reference Method 
16, as mentioned earlier, during the 
t inis;>ion testing program, it was not 
widely known that sample losses could 
occur within the TRS emission mea- 
surement system. Since proposal of 
the standards, however, sample losses 
of up to 20 percent during emission 
source testing have been confirme,i. 
Although these losses were not con.sid 
tTcd in selecting the numerical emi,^ 
sion limius included in the proposed 
TRS emission standards, they havt» 
been considered in selecting the nu 
merical emission limit included in the 
promulKated^slandards- Also, since the 
amount of sample loss that occurs 
within the TRS emis^siun measure- 
ment .system during source testing can 
be determined, procedures have l)een 
added to Reference Method 16 requir- 
ing determination of these los.st s 
during each source test and adjust- 
ment of the emi.ssion data obtained to 
t,\kf» these losses into account. This 
\Mll ensure that the lUS emisMon 
data obtained during a performance 
test are accurate. 

It ha.s also been confirmed that high 
r(»iu-enlratior\s of SO, uill imertrre 
uith the determination of TRS enus- 
Mons to some extent. At this pouU. 
however, it is not known what SO, 
rfJiicentraticm levels \ull result in a .sig- 
inficant lo.ss of accuracy in deternuiv 
mg TRS emis.sions. The ability of a cr- 
trate scrubber to .selectively remove 
SC^, prior to mt^asurement of TRS 
emissions is now beuiK testf^d In adiii- 
tion. various chromatOfjraphic rol- 
umii.^ might exist which would effer 
Hvely resolve this problem. As soon as 
an arprcn^riate technique js dev'Un^t'd 
to overrpine this problem. Reference 

Mt thod 16 uill be a nendod 

•ni> pr.'M'-:n of S<^, interfere!^ 
uill not present maji-r (ii(f icult »es tf) 

the u^e of Refers lice Mctl'.od 16 Rela- 
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lively high SOi concentration levels 
werf obi!m<»rf in only one EPA emis- 
sion source test. Ac(H)rdingly. high SOa 
concetUralion levels are probably nnt 
a IreQuent occurrence within kraft 
pulp mills. More importantly, howev- 
er, high SO, concentrations only inter- 
fere with the determination of methyl 
mercaptan in the emission measure- 
ment system outlined in Reference 
Method 16. Since methyl mercaptan is 
usually only a small contributor to 
total TRS emissions. neglecting 
methyl mercaptan where this interfer- 
ence occurs should not seriously affect 
the determination of TRS emissions. 
Consequently. Reference Method 16 
ean be used to enforce the promulgat- 
ed standards without major difficul- 
ties. . 

Miscellaneous: The effective date of 
this regulation is February 24. 1976. 
Section llhb)a)(B) of the Clean Air 
Act provides that standard., of perfor- 
mance or revisions of them become ef- 
fective upon promulgation and apply 
to affected facilities, construction or 
modification of which wa.s commenced 
after the date of proposal (S*'ptember 
24. 1976). 

Ni}xr " An fCvJM'fmic as.sr.ssmrnt ha.s he» ii 
prepared a.s required under .srdujn 317 of 
thf Act This also .satisfies the roquirenu-i ts 
jl Kxtcutuf* OrdiTS 11821 and OMH CirrM 
lar A 107 

Dated Ftbruarv 10. 1978 

IURBAR.^ Bl.UM. 

Ai'hyiQ Administrator. 

Part 60 (^f Chapter I. Title 40 of t hr 
Code of Federal Rej^ulations is aniend- 
e<l ius follous: 

Subpart A — Gtn«rol Proviiion* 

1. Section 60 13 is amended to c!arif> 
the proviMons m paraKraph ^a) by re 
vi.^ing para><raph ta) to read ;us follnv.s' 

§ fio.n Mi>nit(»rinic roquir^-rnvntM. 

(a^ Fcir the purposes of this section, 
all c(jntiii.unis in(Hiil(^nn>^ .s>sti"in.s re 
quired under applicable subparts shall 
be .subject to the prf)Visioi\s of this '.ei-- 
tioii upon promulgation (^f perfor- 
mance specif icat ions for cont iuuo is 
monitoring system uiulfT Aiipciidix !i 
to this part, unless: 

( 1) The co!\t muou.s iiionitfinUK 
system is subject Xo the pmusions A 
parah^raphs uhJ) and ■« • oi 1 1 
section, 'ir 

(2^ ^it her'A r-»^ ^^prci: n\ -ni Mppo' -i 
hie subpart or hv ! Mr A^ln.itii-.f ratnr 

• • • • • 

part HH iu- fi)".iwA •. 

M>nt 

S. r 

' . H A; ; ' • i- • • ^ ' ■ ' ' ' 



60.282 Standard far particulai^malter. 
eo.283 StAndwd tor toul rc<mced sulfur 

60 284 MooitorlnK emlsslori;^ and opei'* 
rti ions. 

60 285 Te.st mfthod.< and pn cedurr.s. 

AUTUOKiTY- vStTS ni. 30ha) of the Clran 
Air Act. a.s amcndrd (42 USC. 7411, 
7(30Ua)). and additi«Mi;il authc^rity ft.s m)t»«d 
below. 

Subpqrl BB-^Stondord* pf f •rformone* for 
KfoH Pulp Milif 

60.2H0 Appllcabjlii> and dejiiKnatlon of af- 
fecied facility. 

(a) The provisions of this subpart 
are applicable to the following affect- 
ed faciHties in kraft pulp mills: digest- 
er system, brown stock washer system, 
muUipleeffect evaporator system, 
black liquor oxidatior^ system, recov- 
ery furnace, smelt dissolviuR tank, 
lirne kiln, and condensate stripper 
system.. In pulp mills wliere kraft 
pulpinK is combined with neutral sul- 
fite semichemical pulping, the provi- 
sions of this subpart are applicable 
when any portion of the material 
charged to an affected facility is pro 
duced by the kraft pulping operation. 

(b) Any facility under paragraph (a) 
of this section that commences con 
si ruction or modification after Sep- 
tember 24. 1976. is subject to t'le re- 
quirements of this subpart 

<i f>0.2Kl nefmition'*. 

As used in this subpart, all terms not 
defined herein shall ha\e (he same 
meaning given tlu in in the Act and m 
Subpart A. 

(a) "Kraft pulp mill" means any sta- 
tionary sourc(^ vthicM produces pulp 
from wood by cooking (dige.sting) 
wood chips in a water solution of 
sodium hydroxulf and sodium sulfide 
(White li(iuor) at. high temperature 
and pressure. H.»'geMerat ion of the 
cooking ehemical.s tlirough a recovery 
process is also considered part of the 
kraft pulp null. 

lb) Neutral sulfite semichemical 
pulping operation" means any op»'r- 
at ion in which pulp is produced from 
wood by cooking (digesting) wo()d 
(hips in a solution of sodium sulfite 
lind sodium bicarbonate, followed by 
mechanical dehbratiiiR (grinding). 

((•) "rotal reduced sulfur (TKS)* 
n^eans the sum of the sulfur com 
pt.uiids hydrogen sulfide, methyl mer- 
captan. dimethyl sulfide, and diinethNl 
(ij.sullide. that ar^^ released during the 
kraft pulping operation and ineaMued 
b\ Helerer.t e Melh-u'] 16 

(d> DiKester s\stem" mraos each 
.*.nt muou.s digestrr or each. bat(h di 
-ft r d for the cooking ff u ond in 
AliiT* luiunr and }L*<;-oc:a! »d fla.-h 
tank's* below t ank^ .s >. chip st^'amer- • • 
( i)niien.s«T< ^- ' 

Hr ''A r-. sf i-c k u :v.-h' r ^ v !« re. 

a(<'d kfuitters. vaiuto.i puiiip^ *'uid ftl 
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trftte Uniu UBtd to wMh the pulp f ol- 
lowint the difetter wtem. 

(f) ••Multiple-eMect evaporator 
«ystem'* means the multiple-effect 
evaporators and associated 
condenser(s) and hotwelUs) used to 
concentrate the spent cooKln« liquid 
that Is separated from the pulp (black 
liquor). ^ ^ 

(g) "Black liquor oxidation system 
means the vessels used to oxidize, with 
air or oxygen, the black liquor, and a,s 
sociated storage tank(8). 

(h) "Recovery furnace" means either 
a straight kraft recovery furnace or a 
cross recovery furnace^ and includes 
the direct-contact evaporator for a 
dueci contact furnace. , ^ 

{[) - Straight kraft recovery furnace 
means a furnace used to recover 
chemicals consisting primarily of 
sodium and sulfur compounds by 
burning black liquor which on a quar- 
terly basis contains 7 weight percent 
or less of the total pulp solids from 
the neutral sulfite semicheniical pro^ 
ctss or has green liquor sulfldity of 28 
percent or less. 

(j) "Cross recovery furnace" means a 
furnace used to recover chemicals con- 
sisting primarily of sodium and sulfur 
compounds by burning black liquor 
which on a quarterly basis contains 
more than 7 weight percent of the 
total pulp solids from the neutral sul- 
fite semichemical process and has a 
green liquor sulfidity of more than 28 
percent. , ^. 

(k) "Black liquor solids" means the 
dry weight of the solids which enter 
the recovery furnace in the black 
liquor. 

(1) "Green liquor sulfldity" means 
the sulfldity of the liquor which leaves 
the smelt dissolving tank. 

(m) ' Smelt dissolving tank" means a 
vessel used for dissolving the smelt 
collected from the recovery furnace. 

(ID "Lime kiln" means a unit used to 
calcine lime mud. which consists pri- 
marily of calcium carbonate. Into 
quicklime, which is calcium oxide. 

(0) "Condensate stripper system" 
means a column, and associated con- 
densers, used to strip, with air or 
K^eam. TRS compounds from conden- 
sate streams from various processes 
within a kraft pulp mlU. 

§ f>0 2^2 Standard for particuiau matter 

(a) On and after the datr on which 
the performance test required to be 
conducted by §60.8 is completed, no 
owner or operator subject to the provi 
sijons of this subpart shall cause to be 
discharged into the atmosphere* 

(1) l^om any recovery furnace any 
pjises w hich* 

(i) Contain particulate n\attrr in 
excess of U 10 g dsem t0.044 gr dsrf) 
corrected to 8 percent oxygen. 

Mi^ ?:xhibit 35 percent opacity or 
gr 

.,>ni rnw sri'.eV dissohiiig t;ink 
a!i\ v.huJ'. (ui\tHiii particulHie 
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matter in excess of 0.1 i/^«,2^}?ck 
liquor soUcU (dry welght)t0.a lb/ton 
black liquor soUds (dry weight)). 

(3) From any lime kiln any gases 
which contain particulate matter in 
excess of: ^ . 

(I) 0.15 g/dscm (0.067 gr/dscf) cor- 
rected to 10 percent oxygen, when gas- 
eous fossil fuel Is burned. 

(ii; 0.30 g/dscm (0.13 gr/dscf) cor 
rected to 10 percent oxygen, when 
liquid fossil fuel is burned. 



§60.2K3 Standard for total reduced tulfur 
(TRS). 

(a) On and after the date on which 
the performance test required to be 
conducted by §60.8 Is completed, no 
owner or operator subject to the provi- 
sions of this subpart shall cause to be 
discharged Into the atmosphere: 

(1) From any digester system, brown 
slock washer system, multiple-effect 
evaporator system, black liquor oxida- 
tion system, or condensate stripper 
system any gases which contain TRS 
in excess of 5 ppm by volume on a dry 
basis, corrected to 10 perreu: oxygen, 
unless the following conditions are 

"^fu The gases are combusted in a lim*? 
kiln subject to the provisions of para* 
graph (a)(5) of this secti -n; or 

(il) The gases are combusted in a re- 
covery furnace subject to the provi- 
sions of paragraphs (a)(2) or (a)(3) of 
this section; or ^ . ^ 

(Hi) The gases are combusted wun 
other waste gases in an incinerator or 
other device, or combusted in a lime 
kiln or recovery furnace not subject to 
the provisions of this subpart, and are 
subjected to a minimum temperature 
of 1200' F. for at least 0.5 second; or 

(Iv) It has been demonstrated to the 
Administrator's satisfaction by the 
owner or operator that incinerating 
the exhaust gases from a new. modi- 
fled, or reconstructed black liquor oxi- 
dation system or brown stock washer 
system in an existing facility Is t^h- 
nologlcally or economically not feasi- 
ble. Any exempt system will become 
subject to the provisions o^ this sub- 
part If the facility Is changed so that 
the gases can be incinerated. 

(2) From any straight Kraft recovery 
furnace any gases which contain TRS 
in excess of 5 PPm by volume on a dry 
basis, corrected to 8 percent oxygen. 

(3) From any cross recovery furnace 
any gases which contain TRS In excess 
of 25 ppm by volume on a dry basis, 
corrected to 8 percent oxygen. 

(4) From any smelt dissolving tank 
any gases which contain TRS in excess 
of 0.0084 g/kg black liquor solids (dry 
weight) [0 01(58 lt>/ton liquor solids 
(dry weight)]. 

(5) From any lime kiln any gases 
v^hich contain TRS in exceiw of 8 ppm 
by \()lumo on a dry ba.sj.s. corrtn^ted to 
10 ^x^rienl ox»;er. 
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j60,2Ht Monitoring of emitploni and op. 
eratloni. 

(a) Any owner or operator subject to 

•he provisions of this subpart shall In- 
stall, calibrate, maintain, and operate 
the following continuous monitoring 
systems: ^ . _ 

(DA continuous monitoring system 
to monitor and record the opacity of 
the gases discharged Into the atmos- 
phere from any recovery furnace. The 
span of this system shall be set at 70 
percent opacity. 

(2) Continuous monitoring systems 
to monitor and record the concentra- 
tion of TRS emissions on a dry basis 
and the percent of oxygen by volume 
on a dry basis in the gases discharged 
Into the atmosphere from any lime 
kiln. recovery furnace, digester 
system, brown stock washer system, 
multiple-effect evaporator system, 
black liquor oxidation system, or con- 
densate stripper system, except where 
the provisions of §60.283(a)(l) (ill) or 
(iv) apply. These systems shall be lo- 
cated downstream of the control 
device(s) and the spanca) of these con- 
tinuous monitoring systemCs) shall be 
set: 

(i) At a TRS concentration of 30 
ppm for the TRS continuous monitor- 
ing system, except that for any cross 
recovery furnace the span shall be set 
at 50 ppm. 

(ID At 20 percent oxygen for the 
continuous oxygen monitoring system- 
(b) Any owner or operator subject to 
the provisions of this subpart shall in- 
stall, calibrate, maintain, and operate 
the following continuous monitoring 
devices: . ^ 

(DA monitoring device which mea- 
sures the combustion temperature at 
the point of incineration of effluent 
gases which are emitted from any di- 
gester system, brown stock washer 
system.' multiple-effect evaporator 
system, black liquor oxidation system, 
or condensate stripper system where 
the provisions of j 80,283(a)(l)<lll) 
apply. The monitoring device Is to be 
certified by the manufacturer to be ac 
curate within ±1 percent of the tem- 
perature being measured. 

(2) For any lime kiln or smelt dis- 
solving tank using a scrubber emission 
control device: • ^ 

(DA monitoring device for the con- 
tinuous measurement of the pressure 
loss of the gas stream through the 
control equipment. The monitoring 
device is to be certified by the manu- 
facturer to be accurate to within a 
gage pressure of ±500 pascals (ca. t2 
Inches water gage pressure). 

(ID A monitoring device for thf: con 
tinuous measurement of the scrubbing 
liquid supply pressure to the control 
equipment. The monitoring device is 
to be certified by the manufacturer to 
be accurate within * 15 percent of 
design scrubblnfT lif^ild Rtipply prc.^ 
sure. The pressure son.sor or tap is t() 
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be located cloM tg the •crubber liquid 
disehartfr point. The Administrator 

may be consulted for approval ot alivT- 
native locations. 

(c) Any ottmer or operator subjcci to 
the provisions of this subpart shall, 
except where the provisions of 
5 60 2R3tft)(l)(lv) or J 60.283(a)(4) 

(1) Calculate and recoru on a aall> 
basLs 12 hour average TR8 concentra 
tions for the two consecutive perlocLs 
of each operalln« day. Each 12 hour 
average shall be determined as the 
arithmetic mean of the appropriate 12 
contiguous 1-hour average total rc' 
duced sulfur concentrations provided 
by each continuous monitoring system 
Installed under paragraph (a)(2) of 
this section. , 

(2) Calculate and record on a diiuy 
basis 12 hour average oxygen concen- 
trations fo^ the two consecutive pen 
ods of each operating day for the re- 
coverv furnace and lime kiln. These 
12 hour averages shall correspond to 
the 12 hour averagt* TRS concentra- 
tions under paragraph <c)(l) of thlf^ 
section and shall be determined as an 
arithmetic mean of the appropriate 12 
contigtiou.s I'hour average oxygen con- 
centrations provided by each contlrui 
ous monitoring system Installed Under 
paragraph (a)(2) of this section. 

(3) Correct all 12'hour average TRS 
concentrations to 10 volume percent 
oxygen, except that all 12-hour aver^ 
age TRS concentration frcim a recov- 
ery furnace shall h^' corrected to fl 
volume percent using the following 
equation 

when* 



C^,, ihv uoncentratloi-. (-(STreclfd f-T 

oxyK»*n , , 

tl>^ courentraiion uiicorroru'd fc^r 

X the vulumrtrw ()X^K»'n 'tiDrt'Dtrut iom la 
pt*n-fruaKi' to l)f rDrrfCiril (t) i8 i)rr<t r>t 
ft^r recovery fun^iir***^ «ncl 10 prrceni f-T 
mi* KUrw. in< inerators. nr othrr lU- 
\ ire.s) 

S till- mfafiurfd U hfnu arrra«e ^oli.mfl 
nc oxygen ronc^ntra(i(Mi 

(d> For the purpose of reports re 
Ouired under 5 60.7(0. any n\Aner or 
oi)erftt(>r subject to the provLsior^s of 
this subpart shall rt^^ort penodis ol 
excess e miss k>ns as follows 

tl» For emi.'vsions frnrn any reei>vpry 
furnace periods of exces.^ emissions 
are 

(1) All 12 hour a\eragrs of TRS con 
cent rat ions above 5 ppin by volume for 
straight kraft recove-y furnaces and 
abo\p 25 ppm by volume for cross re 
co\t*rv furnaces 

(]1> 'ai1 6 minute average opacliu s 
lhaf exceed 35 percent 

.2> l'\)r emissions from any lime kiln 
periods of excess emissions are all 12 
hour average TRS concentration 
Abo\e a ppm by volume 

(3> For emissions from any digt'ster 
sv.slrm. brown stock uashrr svsiem. 
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multiple-effect evaporator sy st ^m . 
blMk Uauor oxidation syatem. or con- 

densate stripper system periods of 
excess emissions are 

(1) All l2 hour avt-rage TRS concen- 
trations above 5 ppm by volume unless 
the provisions of 5 60.283(a)(1) (D. (li). 
or Uv) apply, or 

(U) AH periods in excess of 5 mmutt-;) 
and their duration during which the 
combustion temperature at the point 
of incineration is less than 1200° F. 
where the provisions of 
}60.283ca)(l)(it) apply. 

te) The Administrator will not con- 
sider periods of excess emissions re- 
ported under paragraph (d) of this sec- 
tion to be Indicative of a violation of 
5 60.11(d) provided that: 

(1) The percent of the total number 
of possible contiguous periods of 
excess emissions in a quarter (e^clud- 
Ing periods of startup, shutdown, or 
malfunction and periods when the fa- 
cility is not operating) during which 
excess emissions occur does not 
exceed: 

(1) One percent for TRS emissions 
from recovery furnaces. 

(ii) Six percent for average opacities 
from recovery furnaces. 

(2) The Administrator determines 
that the affected facility, including air 
pollution control equipment, is main- 
tained and operated in a manner 
uhich is consistent with good air pol- 
huion control practice for minimizing 
emissions during periods of excess 
emissions. 

§ 60.2S5 Te«t melhodx and pnhcedurea. 

(a) Rt*ference methods In Appendix 
A of this part, except as provided 
under §60.8ib), shall be us^^d to deter- 
mine compliance with § 60.282(a) as 
follows* 

(1) Method 5 for the concentration 
of particulate matter and the associat- 
ed moi.sture content. 

f 2) Method 1 for sample and velocity 
traverses. 

( 3 ) When dett*rminin« compliance 
with § 60.282<a)(2). Method 2 for veloc- 
ity and volumetric fioA- rate. 

«4) Method 3 for is a.: analysis, and 
i5) Mrt.hod 9 for vi. ible emissions 

(b) For Method 5. (he .sampling time 
for each run shall b*.- at least 60 min- 
utt\s and the sampling rate shall br at 
least 0.85 d^cm.'hr (0.53 dscf/min^ 
except that shorter sampling times, 
when necessitated by process variables 
or other factors, may be approved by 
the Administrator. Water shall be 
used as the cleanup <i0lvent instead of 
acetone in the .sample recovery procf 
dure oulliru'd In Method 5. 

Metho<i 17 dn-stack filtration^ 
ffiay he used as an alternate method 
fnr Method 5 for detennmlng compli- 
ance with § 60 282<aur. 1^ Provided. 
lha' a ('onstant \ahn' of 0 009 g/dscm 
f0 004 gr dscfJ is addt»d to the results 
vi Mi-thod 17 and the stack tt-mpera 



ture is no greater than 205' C (ca. 400' 
P). Water shall be used aa the cleanup 
solvent instead of acetone \n the 

sample recovery procedure outlined in 
Method 17 

(d) For the purpose of determining 
complianct» with § 60.283(a) (1). (2), 
(3). (4\ and (5). the following refer- 
ence methods tihall be used: 

(1) Method 18 for the concentration 
of TRS. 

(2) Method 3 for gas analysis, and 

(3) When determining compliance 
with § 60.283(a)(4). use the rejulta of 
Method 2. Method 16. and the black 
liquor solids feed rate in the following 
equation to determine the TRS emis 
sion rate, 

E = <C„,»F„ti CmhFu^i^h ♦ Cuiui/^oM + ^ 
Where: 

E - mass of TRS emitted Por unity of black 

liquor soUdLs (g/kK) (lb/ton) 
C„«i average concentration of hydroKcn 

sulfide (HiS) durmg the test p^'ruxi. 

PPM. , , 

C«,sH average concentration of methyl 
'mercaptan (MeSH) during the test 

period. PPM. 
Cofcu - average concentration of dimethyl 

sulfide (DMS) during the teat p**nod. 

PPM. 

CiyuiH average concentration of dlmelhyi 
disulfide (DMDS) during the test perioii. 
PPM. 

Fnm 0.001417 g/m> PPM for metric units 
. 0 08844 lb/ft« ^PM for English unlt.s 
F^m 0.00200 g/n. PPM for metric uniu 
■ 0.1248 1b ft' PPM for English uniU 
^ 0.002683 g/m' PPM for metric units 
- 0.1612 lb/ft» PPM for English unit* 
F,^M 0. 003917 g/m' PPM for metric units 
0.2445 lb/ft' PPM for English units 
- dry volumetric stack gas flow rate cor 
rected to standard condiuons. dscm/hr 
(rtscf 'hri 

BLS blark liquor solids feed rate, kg/nr 
(Ib/hrj 

(4) When determining whether a 
furnace is straight kraft recovery for- 
nace or a cross recovery furnace. 
TAPPI Method T.624 shall be lused to 
determine sodium sulfide, sodium hy- 
droxide and sodium carbonate These 
determinations shall be made three 
times daily from the green liquor and 
the daily average values shall be con 
verted to sodium oxide (Na^O) and 
substitutrd into the following eqiia 
{Um to dflerrnine the green Hquor sul 
fidity: 

Where: 

CHS per«''-nt Kr«*fn liquor s.ilfidity 

averaK^* coni"«*tU ration of \<ic* v\ 

pressed a.s .VaiO < mg U 
Cs.O// arrra^v cumrnirdtion of S^u^H 

expressed as NaiO ^mK 1 » 
(\,tCOy average roncentratlon of .Va,('0. 

pxpres»**ed as .\'<uO nn}f 1 ) 
(el All concentrations of particuhue 
matter and THS required to be nu-a 
sured by this section from Uwv kiln.^ 
or inciiierators shall be rorre<-ted lo 
volume percent oxygen and ihose con 
centrations from reco^er> furrui(»vi 
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Bhall be corrected to 8 volume percent 
oxygen. These corrections shall be 
made tn the manner specified In 
f 60 284(cW8). 

Appkndix a HErEHENCE Methods 

t3i Method 16 and Method 17 are 
addrvi to Appendix A as follows. 



WITHi'h IK SKMiroNTINl'OVS DtTKHMINATlON 
itf sliU'H EMtS.SH>NS FROM STATIONAAY 

Introduction 

fhi* m**thod descnbeil below uses the 
principle of gas chromaii»Kraphlc separation 
ami name phoiomeirlr detecllon. Since 
thfTf are many systems or sets of operating 
rdndmoris that represent usable methods of 
drierminlng sulfur emissions, all systems 
•t^iiKh employ thi5 principle, but differ only 
In d*»iajls of equipment and operation, may 
be u.-ied as alternative methods, provided 
thai the criteria set below are met. 

I rnnctple and AppHcabUity. 

1 l Itmoiple A vas sample is extracted 
fri)in the emission source and diluted with 
iit»an dry air. An aliquot of the diluted 
sampU* is then analyzed for hydrogen sul- 
fidf (H,S). methyl mercaptan <MeSH), di- 
methyl sulfide (DMS> and dimethyl dlsul- 
fulr <DMOS) by gas chromatographic (OC) 
separation and flaine photometric detection 
tFTD). These four compounds are known 
coliectlveiy as total reduced sulfur (TRS). 

1 2 Applicability. This method Ls applica* 
hlv (or determination of TRS compounds 
(ri)m recovery furnaces, lime kilns, and 
.snu'li dissolving tanks at kraft pulp mills. 

2 Ranoe and Sensitivity. 

2 1 Range. Coupled With a gaa chromato- 
graphic system utilizing a ten milliliter 
sample size, the maximum limit of the PPD 
for each sulfur compound la approximately 
1 ppm This limit Is expanded by dilution of 
trie sample gafi before analysis. Kraft mill 
gaA samples are normally diluted tenfold 
i9 \). resulting in an upper limit of about^lO 
ppm for each compound. 

For sources jvlth emission levels between 
10 and 100 ppm. the measuring range can be 
b**8i extended by reducing the sample size 
to 1 milliliter 

2 2 Using the sample size, the minimum 
detectable concentration Is approximately 
50 ppb 

3 fntrrferences. 

3 1 Moisture Condensation. Moisture 
ronden.sallon in the sample delivery system, 
thf analytical column, or the FPD burner 
blo< k can cause losses or interferences. This 
potential Is eliminated by healing the 
sample Hne. and by conditioning the sample 
with dry dilution air to lower lis dew point 
below the operating temperature of the 
Cf( T-'PO analytical system prior to analysis. 

3 2 Carbon Monoxide and Carbon Dlox- 
I'l*- i 'O and COt ha\e substantial desensitlv 
it.K vlftcx on the flame photometric detec- 
lor r\rn after 9 I dilution Acceptable sys- 
tem's must demonstrate that they have 
4''m'.tnated this Interference by some procr- 
^Imtp svich as elutmg these comnpunds 
N U'Te any of the compounds to be mea- 
,sur*d Compliance vi'ith this requirement 
rfin b«* 'Irmotv^traled by submitting chroma- 
toKrams of '-alibration gasps with and with- 
" St COr u\ the diluent gas The CO, level 
v» -j: ? Or tipproxmut«*l> 10 percent for the 

a-s.- u :t»i c*(), [>reM-nt The l^^o chromato- 
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graphs should show agreement within the 
precision limits of Section 4.1. 

a.3 Particulate Matter. Particulate 
matter In m lamplet can cause interfer* 

ence by eventual clogging of the analytical 
system. This Interference must be ellmlnat' 
ed by use of a probe filter. 

3.4 Sulfur Dioxide. SOt Is not a specific 
Interfereni but may be present In such large 
amounts that It cannot be effectively sepa- 
rated from other compounds of Interest. 
The procedure must -be d^^slgned to elimi- 
nate this problem either by the choice of 
sot)aration columns or by removal of SOi 
from the sample. 

Compliance with this section can be dem- 
onstrated by submitting chromatographs of 
calibration gases with SOt present In the 
same quantities expected from the emission 
source to be tested. Acceptable systems 
shall show baseline separation with the am- 
plifier attenuation set so that the reduced 
sulfur compound of concern Is at leas* 50 
percent of full scale. Base line separation is 
defined as a return to zero ± percent in thp 
Interval between peaks. 

4. Precision and ilccurocv. 

4.1 OC/FPD and DUutlon System Cali- 
bration Precision. A series of three consecu- 
tlve Injections of the same calibration gas. 
at any dUutlon, shall produce results which 
do not vary by more than ±3 percent from 
the Hiean of the three Injections. 

4.2 QC/PPD and DUutlon System <:all- 
bratlon Drift. The calibration drift deter- 
mined from the mean of three injections 
made at the beginning and end of any 8- 
hour period shall not exceed ± percent. 

4.3 System Calibration Accuracy. The 
complete system must quantitatively trans- 
port and analyze with an accuracy of 20 per- 
cent. A correction factor Is developed to 
adjust calibration accuracy to 100 percent. 

5. Apparatu,* (See Figure 16-1). 

5.1.1 Probe. The probe must be made of 
Inert material such as stainless steel or 
glass. It should be designed to Incorporate a 
filter and to allow calibration gas to enter 
the probe at or near the sample entry point. 
Any portion of the probe not exposed to the 
stack gas must be heated to prevent mois- 
ture cond^fisation. 

6.1.2 jtample Line. The sample line must 
be made of Teflon, » no greater than 1.3 cm 
(H) liplde diameter. All part^ from the 
probe/to the dilution syste**^ must be ther- 
mo^tically heated to 120 

5.1.3 Sample Pump. Ti .i sample pump 
shall be a leakless Teflon-coated diaphragm 
type or equivalent. If the pump is upstream 
of the dilution system, the pump head must 
be heated to 120' C 

5.2 DUution System. The dilution system 
must be constructed such that all sample 
contacts are made of inert materials (e.g., 
stainless steel or Teflon). It must be heated 
to 120' C. and be capable of approximately a 
9:1 dilution of the sample. 

5.3 Oas Chromatograph. The gas chro- 
matograph must have at least the following 
components: 

5.3.1 Oven. Capable of maintaining the 
separation column at the proper operating 
temperature ±V C. 

5.3.2 Temperature Gauge. To monitor 
column oven, detector, and exhaust tem- 
perature ± V C 

5.3.3 Flow Sysv-^. Gas metering system 
to measure sample, fuel, combustion ga:*. 
and carrier gas flows. 



'Mention of trade name."? or speclfir pr-^d- 
uct5 dof^.s not conjslltute endor.scment b> ihe 
Knviron.mvr:tal Protecllon AK(*ncy 
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5.3.4 F*lame Photometric Deii 

6.3.4 1 Electrometer. Capnible c • scale 
amplification of linear ranges of 10 ' to lo ' 
amperes full scale. 

B.3.4.2 Power Supply. Capable of deliver 
Ing up to 750 volt,« 

5.3.4.3 Recorder. Compatible with the 
output voltage range of the electrometer 

5 4 Gas Chromatograph Columns. The 
column system must be demonstrated to be 
capble of resolving the four major reduced 
sulfur compounds: HtS. MeSH. DMS. and 
DMDS. It must also demonstrate freedom 
from known interferences 

To demonstrate that adequate resolution 
has been achieved, the teste mast submit a 
chromatograph of a calibration gas contain* 
Ing all four of the TRS compounds In the 
concentration range of the applicable sun 
dard. Adequate resolution will be defined as 
base line separation of adjacent peaks when 
the amplifier attenuation is set so that the 
smaller peak is at least 50 percent of fuh 
scale. Base line separation is defined In Sec- 
tion 3.4. Systems not meeting this criteria 
may be considered alternate methods sub* 
ject to the approval of the Administrator. 

6.5. Calibration System. The calibration 
system must contain the following compo 
nents. 

6.5.1 Tube Chamber. Chamber of glass or 
Teflon of sufficient dUnensions to house 
permeation tubes. 

5.5.2 Flow System. To measure air flow 
over permeation lubes at ± 2 percent. Each 
flowmeter shall be calibrated after a com- 
plete test series with a wet test meter. If the 
flow measuring device differs from the wet 
test meter by 5 percent, the completed test 
shall be discarded. Alternatively, the tester 
may elect to use the flow data that would 
yield the lowest flow measurement. Cullbra- 
tlon with t wet test meter before a test Is 
optional. 

6.5.3 Constant Temperature Bath. Device 
capable of maintaining the permeation 
tubes at the calibration temperature within 
±o.r c. 

6.5.4 Temperature Gauge. Thermometer 
or equivalent to monitor bath temperature 
within ±r C. 

6. Keayentj. 

6.1 Fuel. Hydrogen (HO prepurified 
grade or better. 

6.2 Combustion Gas. Oxygen (O.) or air. 
research purity or better. 

6.3 Carrier Oas. Prepurified grade or 
better. 

6.4 Diluent. Air conUlnlng less than 50 
ppb total sulfur compounds and less than 10 
ppm each of moisture and total hydrocar- 
bons. This gas must be heated prior to 
mixing with the sample to avoid water con- 
densation at the point of contact. 

6.5 Calibration Gases. Permeation tubes, 
one each of H,a, MeSH, DMS, and DMDS. 
agravUnetrlcally calibrated and certified «t 
some convenient operating temperature 
These tubes consist of hermetically sealed 
FEP Teflon tubing In which a liquified gas- 
eous substanc* is enclosed. The enclosed gas 
permeates through the tubing wall at a con 
stanl rate. When the temperature Is con- 
stant, calibration gases covemlng a wide 
range of known concentriiitlons can be gen- 
erated by varying and accurately measuring 
the flow rate of diluent gas passing over the 
tubes. These calibration gases are used to 
calibrate the OC/FPD system and the dilu- 
tion system. 

7. Pretest Procedures. The following prmr 
dures are optional but ^^ould be helpful \n 
presenting ajiy probh'm v^hich naighi o<\*ur 
later and Unalulatf ihe < htlrt» 
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7.1 AUfr thf compltU meimuremtnL 
vyitem DM bttn m w mi ill* wwi 

dt^t^med lo b*» op<»ratk>nal. the following pro 
cedures should be computed before sam 
phng is jritiated .... 

7.1.1 Leak Test. Appropriate leak test 
procedures should be employed lo verify the 
uiugrity of all componenls. sample lines, 
and connections. The following leak lest 
procedure js suggested: For componenUi up- 
stream of the sample pump, attach tht- 
probe end of ihe sample Ime to a ma- no 
im ier or \acuum gauge, start the pump and 
pull greater than 50 mm <2 in.) HR vacuum, 
close ofl the pump outlet, and then stop thi- 
pump and aiiceriam that there is no leak for 
I minute. For components after the pump, 
apply a slight positive prei.v.ure and check 
for leaks by applying a liquid (dei.ergent \n 
y.ater. for examo.'e) at ea<h Joint. Bubbling 
uuiicates the presence of a leak. 

7.1.2 System Performance. Since the 
complete system Is rnhljrateri followmj? each 
lest, the precise calibration of each compo- 
nent is not rriticHl. However, these compo- 
uenis shoulo be verlfii^ to be operating 
properly This verifica;lon can be rertormed 
bv obserMnk thr respoase of floAmeters or 
oi th»' CrC output t.> changes in fU'W rates or 
cHlibraf.on K'a.s ci»n<entrii;ions and '^^^'^'^ 
taming the response to be within predicted 
linuis In any component, or if the complete 
system fails to respond in a normal und pre 
dictable manner, the .source of the di.vrep- 
ancy should be ideniif»ed and corrected 
before pr()reedinji. 

8 Cahbranon. I*rior to anv .sampling run. 
calibrate the system usuig the following 
procedures (If more than one run is per- 
fi,rmed dnnng any 24 hour period, a calibra- 
tion need not lie performed prior to the 
second and any subsequent ruMS T>ie call- 
braMon mo t. hovc-vrr. re verified as pre- 
.srribed in P rlion 10. aft. r ihe run 
made within l\u 24 h'M* ; * r;j .1 ^ 

8 1 Cfcneral C'MXM.Ieration'i Thiss'Ciinn 
ooilines vt'-ps to b»^ fclh.'Wed for u.se of the 
<a*.Fru .nnd the Jilurmn .-.i 'tiu The prc)- 
odure does not include d'*tailed invtruc 
iHuui lu-eaii.se the oprnitwni o1 these systems 
1.; coiupit'X. and it requi^«s a understanding 
of the Jiidividual s\>tein b.-mg used. Kach 
.swterr. should include a written operating 
rnaiMial de.seribiog ir dituil the operating 
procedures ii.s.-ociated with each component 
in ihe measurement system. In addition, the 
operator should be familiar with the opt rat- 
ui^ pnncii Ws of the v'ompon»'iUs. pivrt»c»jlar- 
Iv the OC/FPD. The citations in the Hib 
Tiography at the end of ihis method are rec- 
ommended for review for this purpose 

8 2 Calibration Procedure. Insert the p^r 
meat ion tubes into the tube chamber 
Cheik the bath temperature to assure 
agreem*-nt with the calibration temperature 
of the tubes within tO.r C. Aliow 24 hours 
for the tubes to equlllbrale AUernatnelv 

♦ quilibrailon may be verified by injecting 
samples of calibration ga-s at I hour inK-r 
\'a\s The permi ation tubes can be a^ssumed 
to ^.a^e reached pquilihrlum ^^hen consecu- 
tive hourly sann^le.s agree wilhm the preci- 
sion hnuts of Secuoii 4.1 

Var> the amount of air flo^Mog o\cr th*- 
tubes to produce the desired onci-ntr.it tor.s 
for calibrating the analytical ar.j uHution 
s- .stems. The air ilow acros:. the tub^s must 
at all tim'^s excr<-d the f:ow require oi'-nt of 
thr analNtical system.'^ The rotiriMiti ati.n* Ui 
p.iM.s per million giiurr^'- : b> a tube cr;v 
Ux.iwv.A a specific pt rme:it \ cati bi calcuint 

* d a.s toll Jv*s 
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where: 

C'«Conc«ntntton of pemeant produced in 

ppm. 

P, Permeation rate of the tube in pg/mui 
M Molecular weight of the permeanl <g. g- 
mole). 

1. Flow rate. 1/min, of air o\er permennt uv 

20' C. 760 mm Hg. 
K Oas eon.stant at 20 C and 760 mm 

Hg - 24.04 1/g mole 
8.3 Calibration of analysis sy.strm. Gen- 
erate a series of three or more known eon 
cetitrations spannuig the linear range of the 
FPr> (approximately 0.05 to I 0 ppm) for 
each of the four major sulfur co npounds. 
Bypassing the dilution sy.stem. in.- rt these 
standards into the OC/FPD ar.alyv.ers and 
monitor the responses Thr'^e injects for 
eaeh concentration must yield the precision 
des-ribed in Section 4.1 Faili'e to attain 
this precision is an indication oi a problem 
in the calibration or analytical system. Any 
sueh problem must be identified anJ cor- 
r< ;'ied before proceeding. 

a.4 Calibration Curve.s. Plot t)U' OC/I-TD 
response In curr^^nt (amperes^ versws their 
causative roncenirations in ppm on log-log 
coordinaif- graph paper for each sulfir com- 
pound. Alternatively, a least .squares equa- 
tion may be generated from the calibration 

data. „ ^ 

8 5 Calibration of Dilution System. Oen- 
rraie a knoiAn concent rat icin of hydrogen 
sulfide u.sini' the permeation tube system. 
Adjust the flow rate of diUient air for the 
first dilution stage so thut th'^ desired level 
of dilution is approximated. Inject the dilut- 
ed cfllibratton gas into the GC FPD system 
and monitor i»s response Three injections 
for each diluuon must yuMd the precision 
described m Section 4 1 Failure to attain 
this precision m this step is an indication of 
a problem m the dilu'-.on .svstxm. Any such 
problem nvi^-t bp ider.lifM-d :irid corrected 
before proceeding. Using the calibration 
data for H,S 'developed undpr B3^ deter- 
mine the diluted calibration k.us concentra- 
ti(*n in ppm. Then calculate the dilution 
factor a5 the ratio of the calibration ga.s 
concentration before dUuth)n to the diluted 
calibration gas concentration determined 
under this paragraph Hepeat this proce- 
dure for each stagi- of dilution required Al 
trrnatl\elv. the OC'FPD system may be 
calibrated bv ju'^nerating a series of three or 
more coruentranons of each sulfur com 
pound and diMitmg these samples before in 
jecting them into ihe GC/FTD system. This 
data will then .^er\e as the calibration data 
for the unknown samples and a separate de 
termin.itlon of the dilution factor will not 
be m ces,';ary Howe\er. tlu- precision le 
quirements of Section 4 I are still applica 
b>e 

9 Sai^ivhnij and Ayial'. i^ pu,^'i dU'r 
9 1 Sa:riphng Iiucit th»' b;i;np:;:ig probe 
uuo tl*<' t. .st ^, rt mak.r.t: c- r»iui v.a; im di 
h.tion air enu rs th*- --a. k throiJKh the por! 
Hegm samo':ng and dihne the sample ap 
proximtely ^l u.Mng the dilution s> Uem 
N'>'* ni the pr» . i.^c tJ:;.i:ion fac'.or is that 
u*:nh ih deirrnuned ni paragmph 8 5 Con 
dition the en*. re s^'-tcm v.ith .-.anipU* tor a 
rcuumiirn of i:^ nM'.ntvs prior to unnmt nc- 

lOK an.i*: ^ >is 

V2 A'.illN'^is Alio u«'s -f '.:r.it*tj sarn;-:!- 
a.rln.-^-v.d u^N' lit' CiC iVU Hoali/.-' '-r 

?X\.K\\ i*^ 

9 2 1 S t'-'-pif HMn A . '.iM fu!. ■- ' «■'«: 

p.i>.-,i 111 16 ui'ii^'-.lM.ii ..:r»KM- 'Oiu, fv p» f 
<..rMu-.l N«r :\ pttn-i i".t Its.-. lh;tf. -3 
tiinif^ ^u ftii-r»' fh.iifi 0 f»-'Ui> 



0.2.2 Observation for Clogging of Probe. 
It reductlonis in sample con€«ntr»tion» are 
obnerved duiinff * sample run ihtx ctnnol 

be explained by process conditions, the sam* 
pling must be Interrupted to determine If 
the sample probe Is clogged with particulate 
matter. If the probe is found to be clogged, 
the test must be stopped and the results up 
to that point discarded. Testing may resume 
after cleaning the probe or replacing it with 
a clean one. After each run. the sample 
probe must be Inspected and. if nocewiary. 
dismantled and cleaned. 

10 Post-Test Procedures. 

10.1 Sample Une Ixjss. A kno\^n concen 
tration of hydrogen s\ilflde at the le\el of 
the applicable standard. .♦20 percent, must 
be introduced into the sampling system at 
the opening of the probe In sufficient quan 
titles to ins\ire that ^ere is an excess of 
sample which must be vented to the atmo- 
sphere. The sample u ^st be transported 
through the entire sampling system t/^ the 
measurement system in the normal manner. 
The resulting measured concetitration 
should be compared to the known value to 
determine the sampling system loss. A sam- 
phng system loss of more than 20 percent is 
unacceptable. Sampling losses of 0-20 per- 
cent must be corrected for by dividing the 
resulting sample concentration by the frac- 
tion of recovery. The known gas sample may 
be generated using permeation tubes. Alter* 
natively, cylinders of hydrogen sulfide 
mixed in air may be used provided they are 
faceable to permeation tubes. The optional 
pretest procedures provide a good guideline 
for determining If there are leak* in the 
sampling system. 

10.2 Recalibratlon. After each run. or 
after a series of runs made within a 24 hour 
period, perform a partial r>'calibration using 
the procedures in Section 8. Only H.S (or 
other permeanl) need be used to recalibrate 
the aC/FPD analysis system t8.3J and the 
dilution system (8.5) 

10.3 Determination of Calibration Drift. 
Compare the calibration cur\es obtained 
prior to the runs, to the calibration curves 
obtained under paragraph 10. 1. The calibra- 
tion drift should nor exceed the limits set 
forth m paragraph 4 2. If the drift exceeds 
this limn, the intervening run or runs 
should be considered not valid. The tCiJler. 
however, may uvstead have the option of 
choosing the calibration data set which 
wculd givr the hii^hrst sample \alues. 

I I Calculations. 

I II Determine the concentrations of 
each reduced sulfur compound detected di- 
rectly from the calibration curves. Alterna- 
tively, the concentrations may be calculated 
using the equation for the least square line. 

112 Calculation of TRS Total reduced 
siufur will be determined for each anaylsis 
tnude b\ summing the ''oncent.-ations of 
ea^h reduced .sulfur compound resolved 
during a guen aualN^s 

1 K.S z H,S Mu-H l)MS. 2UM1>Sh1 
Kg net ion 16 '2 

u here 

l Ui- T«»tii; r« iiu. "J --v.tfur .n pprn. wt-t 
.)aMs 

1 - Hydrogen siilfi-^ ppm 

.»'SH Methvl nv :t Hptan Ppm 
i)M.S IhrncthN'. vt;! •■If Ppin 
i)Ml)S Doncthvl '1 -ir-lide ppni 

11 Oil if;<M; f.u i^'i o^u.u!' v-> 
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U.3 Average TRS. The average TRS wUl 
be determlne<l u follows: 



Average TRS 



wo 



Average TRS = Average total reduced suflur 
in ppm. dry basis. 

TRS, ^ Total reduced sulfur In ppm as deter- 
mined by Equation 16-2. 

N = Number of samples. 

B»a=^ Fraction of volume of water vapor In 
the gas stream as determined by method 
4— Determination of Moisture in Slack 
Gases <36 FR 24887). 

11.4 Average concentration of individual 
reduced sulfur compounds. 



i • J 



Equation 16 3 

where: 

S, Concentration of any rtdured sulfur 
compound from tlie itli ;;amplp injec- 
tion, ppm. 

Averoee concentration of ar.y one of the 
reduced sulfur compounds for the entire 
run. ppm. 

N = Number of injections in any run pt riod, 

12. Example Svstcm Described belovt i> a 
system Utilized by KPA in gather.nR NSrS 
data. This system does not now reflect aM 
the latest developments in equipui[ *"l and 
column technology, but it does represent 
one system that has been demon.sl rated to 
work. 

12.1 Apparatus. 

12 1.1 Sampling 8> stem. 

12.1.1.1 Probe. Figure 16-1 IMu-.trates the 
probe used in l\me |u|ns and otlier sources 
where significant amounts of particulate 
matter are prchenf. the probe Ls deslirned 
with the deflector shield p.accd belwron the 
sample and the gas ipK-t holes and the glass 
wool plugs to reduce r logging of the (liter 
and possible adsorption of sample gas. The 
exposed portion of thi probe betueen the 
sampling port and the sample line is heated 
with heating tape. 

12 1.1.2 Sample Line ' inch ir»sldo diirn- 
eter Teflon tubing, h to 120* C This 
temperature is contr a thermostatic 

heater. 

12.1 1.3 Sample ' eakle.«^s T^Hun 

coated diaphragm uivalent Tiie 

pump head is hrate<.. IV by enclosing 
It m the sample dilution b 12.2A below). 

12.1 2 Dilution System. . c .Meruati'* d:a- 
gran of (he dynamic diluuon system is 
given in Figure 16-2. The diluUon system is 
constructed such that all sample contacts 
are made of mert materials. The dilution 
syiiltm which is heated to 120 C ruist be ca- 
pable of a m»i.imum of &1 dilution of 
sample Equipment used in the dilution 
«>slen is listed below 

12 1,2 1 Dil'JTJon P\jmp. Model A-150 
Kohm>hr Teflon positive di ipla^ e.nent 
type, nonadjastable 150 cc mm. *20 per- 
cent, or equivalent, per dilution stuge A 9 1 
dilution of sarrpie i.s at ( omplish* d by rom 



bining 150 cc of sample with 1»360 cc of 
clean dry air ai ahown In Figure 16-2. 
i8J.a.t Valves. ThnM*way Ttflon aoto* 

no!d or manual type. 

12.1.2.3 Tubing. Teflon tubing and fit- 
tings are used throughout from the sample 
probe to the OC/FPD to present an inert 
surface for sample gas^ 

12.1.2.4 Box. Insulated box, heated and 
maintained at 120" C, of sufficient dimen- 
sions to house dilution apparatus. 

12.1.2.5 Flowmeters. Rotameters or 
equivalent to measure flow from 0 to 1500 
ml.'min ± 1 percent per dilution stage. 

12 1.3 Gaa Chrom^'ograph Colunrms. 
Two types of columas are used for separa- 
tion of low and high molecular weight 
sulfur compounds. 

12.1.3.1 Low Molecular Weight Sulfur 
Compounds Column (OC/FPD-1). 

12.1.3.1 Separation Coluntn. U m by 2.16 
mm (36 ft by 0.085 In) in.side diameter 
Teflon tubing packed with 30/60 mesh 
Teflon coated with 5 percent polyphenyl 
el her and 0.05 percent orthophosphoric 
a.'id. or equivalent (see Figure 16 3). 

12.1.3.1.2 Stripper or Precolumn. 0.6 m 
by 2.16 mm (2 ft by 0.085 in) inside diameter 
Teflon tubing packed a^ in 5.3.1. 

12.13.13 Sample Valve, Teflon 10-port 
gas sampling valve, equipped with a 10 ml 
sample loop, actuatetl by compressed air 
(Flgui- 16-3). 

12.1.3.4.4 Oven. For containing sample 
valve, stripper column and separation 
column. The oven should be capable of 
maintaining an elevated temperature rang- 
ing from ambient to 100* C. constant within 

±r c. 

12 1.3 1.5 Temperature Monitor. Thermo- 
couple pyrometer to measure column oven, 
detertor, and exKatist temperature + V C. 

12.1 3.1.6 Flow S>.aem. Gas metering 
system to measure sample flow, hydrogen 
flow, and oxygen flow <and nitrogen carrier 
gas flow). 

12 1.3.1.7 Detector. Flame photometric 
detector. 

12.1.3.1.8 Electiometer. Capable of full 
scale amplification of linear ranges of 10 • 
to 10 • aniper*:. full scale. 

12 1.3.1.9 Pov^er Supply. Capable of deli- 
vering up to 750 volts. 

12.1.3.1.10 Recorder. CompiUlble with 
the output voltape rciige uf the eiectrom* 
eter. 

12.1.3.2 High N'vMeeuUr Weight Com- 
poundii Coliimn tCC-Fl'D ll ). 

12.1.3.2.1. Scpareti'^ i Col ji in. 3 05 m by 
2.16 mm (10 ft by 0.08^5 In) ins:de diameter 
Teflon tubing packed with 30/60 mesh 
Teflon ceattd with 10 percent Triton X-305. 
or CQuivalepT. 

12.1.3 2.2 'ample Valve. Teflon 6 pcrt gis 
sampling valve equipped wi!h a 10 ml 
sample loop, actuated by compre:.seU air 
< Figure 16-3). 

12 1.3.2.3 Other Components All compo- 
nents same as in 12 1 3.1 4 to 12 1 3 ] 10. 

12.1.4 Calibration. Permeallun tube 
system (figure 16 4j. 

12 1.4.1 Tube Chamber Gla^s chamber 
of sufficiet\t dimensions to house perme- 
ation tubes. 

12 14 2 Mass Floftinetrrs Tvio mass 
flowmeters in the rai.gf^ 0 3 1/m.n and C lO 
1/mm. to mea^sure air flow over prrmraiion 
tubes at ♦ 2 percent These flowmeters .shall 
be cross-calibrated at the bf^ginmiig of each 
test Using a convenient flow rate in the 
mea^suring i.mge of both flowmeters, set 
and moruior tlie flow rate of gas over the 
permiation tubts Injection of calibration 



gaa generated at thia flow rate as measured 
by one flowmeter followed by Injection of 
calibration gas at the aame flow rate aa mea- 
sured by the other flowmeter should agree 
within the specified precision limits. U they 
do not. then there is a problem with the 
mass flow measurement. Each mass Ilow 
meter shall be calibrated prior to the fir^t 
test with a wet test meter and thereafter, at 
least once each year. 

12.1.4.3 Constant Temperature Bath. Ca- 
pable of maintaining permeation tubes at 
certification temperature of 30' C. within 
±o.r C. 

12.2 Reagents 

12.2.1 Fuel. Hydrogen (Ht) prepurified 
grade or better. 

12.2,2. Combustion Gas. Oxygen (O,) re- 
search purity or better. 

12.2.3 Carrier Gas. Nitrogen iN,) prepuri 
fled grade or better 

12.2.4 Diluent. Air containing less than 
50 ppb total sulfur Compounds and less than 
10 ppm each of moisture and total hydro 
carbons, and filtered using MSA filters 
46727 and 79030. or equivalent. Removal of 
sulfur compounds can be verified by inject 
ing dilution air only» described in Section 
8.3. 

12.2.5 Compressed Air. 60 psig for GC 
valve actuation. 

12.2.6 Calibrated Oases. Permeation 
tubes gravimetrlcally calibrated and certi 
fied at 30.0* C. 

12.3 Operating Parameters. 

12.3.1 Low-Molecular Weight Sulfur 
Compounds. The operating parameters for 
the GC/FPD system used for low molecular 
weight compounds are as follows: nitrogen 
carrier gas flow rate of 50 cc/mln. exhaust 
temperature of 110* C. detector temperature 
of 106' C. oven temperature of 40* C, hydro- 
gen flow rate of 80 cc/min. oxygen flow rate 
of 20 cc/min. and sample flow rate between 
20 and 80 cc/min. 

12.3.2 High-Molecular Weight Sulfur 
Compounds. The operating parameters for 
the OC/FPD system for high molecular 
weight compounds art the same as in 12 3.1 
except, oven temperature of 70* C. and ni- 
trogen carrier gas flow of 100 cc/mln. 

12.4 Analysis Procedure. 

12.4.1 Analysis. Aliquots of diluted 
sample are injected simultaneously into 
both OC/iF7^D analyzers for analysis. OC/ 
FPD-I is used to measure the low-molecular 
weight reduced sulfur compounds. The low 
molecular weight compounds include hydro- 
gen sulfide, methyl mercaptan, and di- 
methyl sulfide. GC/FPD-II is used to re- 
solve the high-molecular weight compound 
The high-molecular weight compound is di 
methyl disulfide. 

12.4.1.1 Analysis of Low-Molecular 
Weight Sulfur Compounds. The sample 
valve is actuated for 3 mmutes in' which 
time an aliquot of diluted sample is injected 
into the stripper column and analytical 
column. The valve Is then deactivated for 
approximately 12 minutes m which Ume. 
the analytical column continues to be fore 
fluihed. the stripper column is backflUbhed. 
and the sample loop is refilled Monitor the 
reroor.ies. The eluiion time for each com 
pou:.d viill be deiermintd during calibra- 
tion 

12 4 12 Analysis of High Molecular 
Weight Sulfur Compounds The procedure 
Is es^^nnf.any the same a.s abo\e except that 
no stripper column ls needed. 
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RULiS AND RiGULATIONS 



UVTHOD DETEIlMtHAtlOH OF fARTirtlLATF 

CMmiOMS mOM tTAtlOMAIIV S0UIICC8 ilH* 

mric pii.Ti>ATfoif MmrHooi 

Iniwduvtwn 

ParlirulHie maii*T is not an tthsoliMf 
Quantjiy. rather it a function of tempt rn 
ture and pr#*ssiin Therefore, lo pre»#»nt 
variability in partirulale maitiT rrnuisiori 
n*tfulatioru» and/or a^ssociAted test melhod.s. 
the tempfTatun' and pres-suf at vthich pnr- 
tifulate matlrr is lo b** measured must be 
carrfuUv defwe«i Of the two varmbl»':j u e . 
temperature and pressure), temperature ha.s 
th» Kr<*aier effect upon the amount of par- 
ticulate mat'er m an elfiuent p:as sir»'anK m 
inoM staiionnry Jiource caLeKmu's. the effect 
of pressure appears to be nefjliKible 

In method 5. 250* P is established a.s a 
nominal n'ffrence temperature Thus, 
uhere Method 5 is spi'Cified in an applicahU- 
subpart of the standards, particulate matter 
i?» tlfluit^d vnth »t*.spt-<l U> Iriiipri Rt\il »' lit 
order to mainram a collection temperature 
of 250 K MeiUoU 5 employs a heated Klii-v. 



s»mple prob4» and a heated fiUer holder 
This equipment Is fomewhat cumbersome 
and rwiulres cair In l«8 or^ratlon Th«»re. 

fore, where particulate matter concentjii 
turns (over the normal ranjie o< •.enu'**r.itiiie 
a^ssocinted vilh a speeifird '^tMi'^-t fMtKo;\ 
are known to be lndep«'f**^<*nt *'i f«*mi)i r.i. 
ture. It IS de.sirabie to ehmin*iti* (h«' kWi-* • 
probe and heating .<;ystems. ar»d sanipJ** 
stack temperature. 

7*his method describe;; an m stark ^aiii 
plinK system and sampling pr«^ rdurr . f-n 
us«' m *iuch cases It i.s ipt»-n<irii t** \it mm -1 
0IU.V ^heti specified b.\ iiu ;ipiili*abl» -ob 
pan of the standards, and dftlv sijilt.r fi.« 
a|)p)icable temperature hmi's nl spiMti'-.i 
or vthen otherwise approM'«i h\ thr A«ir: ii 
istrator 

1 Principl*' and Ajn'lirahiht ^^ 
1 1 Principle PartirulHi*- malt^'^ i. 
drawn i.sokmcticnlly frf;rn i ):»• .cr.rc i- ao i 
coU»*ct»*d on a Kla^s^ ^iber f;lier luHin'-'iini-.t 
.1- strtt k if\i\\'f* T'tti :ii I 'It'll >ir»? I ;.'';lal J' 
»\ ih'ternMned Krnvwnelni"ill> hIN r f"m»»v il 
nf nncoinlnn'-d wal»*r 



I '* Applicability. 'I his merh<Hl applu'.s *r 
the diaermlnation of particulate enu&Hionb 
from fttationarv sources fnr determininir 

(*M:npiianci» vt it h nru sour (»• pc-rtf.ntat* •■ 
.laruiards. noU uhi-n spc'( ifi( .illN iihai 1'*d 
l.ir \n an apphrahlr suhparl «>f th^- sfari 
d.'4i»i.s I hi., ijiriht'd is not api)h« ahii- t.> 
sin«k. Ui.it tonlam iuniid dropiv!.. .jr an* 
.saUiraieil \Mth ^at»T N.ipur Inad.lUu.n thi-» 
/ue th'jd .shall itut \u «i .t d .-u-. XMiirn if sip- 
p;oirrt*-d f ro>w sect lonal .iM a of ptob» 
rxi»-Tisu>n fU(«'r hold» r ;u■•'^^*n1l^l•. • .i • r 
njoM- tha»i S pfrrmi 'in .'a. k .j.. • 
til n.i! .irra m** ,Sr« Wi*:) 4 I 

J 4 /';>f/ Ml* / 'I s 

1 .S.iuU'linK 1 r.ii!^ A ..Ni.'nad' wi. 
. I'Uphjir. trwin Usr»1 tn Un?. iiM ih<x1 i-. ^1) 
JM I-uure n 1 (*on>{f }« ti-)n dl*^M't I »♦ 
!i:a«i\ MH not all. of ' hr trail) C"miion.*i:t . 
arr A'.scn m APTP 0.*iHl .('ii.ition 2 in Sm. 
lion 7». for chariKCs fru!u thi APH) UftHl 
k\ m *. {i.«'»*» uii.J {i'V 'A a n*.i'- iif. J • 
ir. }'*it;urf 17 1 ctmsiill .Mtti th«- A^lrninss'rH 

r -ir 
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Figure 17-1. Partlculate-Sampling Train, Equipped with In-Stack Filter. 
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durfs for mtny «f the inmplinf tr*ln com- 

ponf'nU are described In APTD 0676 (Cita 
lion 3 In Section 7). Since correct usage is 
imporlanl in obtaining valid results, all 
users should read the APTD 0576 document 
and adopt the operating and maintenance 
I rocedures outlined in It, unless olherwl.se 
>».enru»d herein. The sampling train con- 
Msih of the following components: 

2 1 1 Prob<» Nozzle Stainless steel (316) 
f.T Kla.vs, with sharp, tapered leading edge. 
111. angle of taper shall be 030* and the 
taper shall be on the ouuslcie to preserve a 
roaslanl Internal diameter. The probe 
nozy.le shall be of the button hook or elbow 
<l« sj«T\. unless otherwise specified by the Ad 
niuustrator If made of sUlnless ste*»l, the 
ruw.le shall be constructed from seamle&f; 
tiibmg Other materials of construction may 
be used subject to the approval of the Ad- 
niir.istraior. 

A range of sl/.es suitable for isokinetic 
sampling should be available, e.g.. 0.32 to 
1 27 cm fv% to W in)— or larger If higher 
\()hime sampling trains are used- Inside dl- 
ameter ( ID) nozzles In Increments of 0.16 cm 
in). Kach noz/.le shall be calibrated ac- 
(ordmg to the procedures outlined In Sec 

t u>r\ 5 1 . 

2 I 2 FiUer Holder. The In stack filter 
UnU\vr shall be construcU»d o^ borosillcate 
or (j:iart.v. Kla^s. or stainless steel, if a gasket 
I . used. It shall be made of silicone rubber. 
I rfloii. or stainless steel. Other holder aiid 
ga^sket materials may be used subject to the 
approval of the Administrator. The filter 
hoiQcr shall be designed to provide a posi- 
t:\e rscal agaln.st leakage from the outside or 
arniiDd the filter. 

2 1 :\ Probe Extension Any suitable rigid 
;»r(»he extension may be used after the filter 
li.^lder , , 

2 1 4 Hltol Tube Type S as described In 
Kt ction 2 1 of Method 2. or other device ap. 
l,r(»\rd by the Admit\lstralor: the pilot tube 
shHll he attached to the probe extension to 
alitiw constant moi^ltoring of the stack gas 
vrJocuv <see Figure 17 1). The impact (high 
prr.ssure) opeivlng plane of the pitot tube 
shHil be even with or above the nosle entry 
plane during sampling (see Method 2. 
nKun- 2 8b) It Ls recommended: (1> that 
\}.v pitoi tube have a known baseline cwffi 
ci.Mit determined as ovitllned m Section 4 of 
Mtthod 2: and <2) that this known coeffi- 
vtrnt be preserved by placing the pltot tube 
ip an interferet\cefree arrangement with re 
vprct to tht sampling nozy.le filter holder. 
HiKi temperature .sensor (see Figrure 17 U. 
Note that the 1 9 rm (0.75 in) free space be 
f>rer\ the t\oz7.le and pltot tube shown In 
nxnre 17 I. is based on a 1 3 cm tO.6 in) ID 
n..//le If the .sampling trali\ is desl.fned lor 
sAfuplinK at higher flow rates than that de- 
srribed m APTD 0581. thvis necessit Atir\g 
thr us<' of larger sized r)07^.les. the free 

.part- ^hall be I 9 cm t0 75 ij\) with the larg- 
» N- i\()7^.1e ii\ place 

S..ur' r sampling assemblu-.- tt^t do not 
r.-t ihr minm\um spacing r'-quiremenUs of 
y-.^^.fv 17 I u>r the t»qviU aU-iit (\f these re 

• iuirrfnwiUs. CK. I^^K^re 2 7 of MethoH 2» 
fna\ be used, howexer. the pitot tube coeffi 
.;.-T:ii of such as.sembU»':> .'.hall be detrr 
(.-M.'d hv raUbral.on. usuiK niethoils svibje^t 
J- th»* approval of thi' Adrni:.!-^: ratter 

I t> Dif/erentiH! Pres.sure Oaug*' In 
. ipanomrler or .•qu!ui»'-nt di-v.ie 

•AC • luv il» scrib»^«l in Section 2 2 of Method 
.' < >Mr m;inomrter shall be used for v»-lf>Cii> 

• . *o -^P' r»-ail!ngi» and tl.r u'.hrT tor on 
' r .i-n-rfnt lai pre.ssuir reaoiiiK- 



RULES AND REGULATIONS 

2Xt Condenaer. U U rfKJommendcid that 
the impinger nyMm aetcribW n Method 6 

be used to determine the moisture content 
of the stack gas. Alternatively, any system 
that allows measurement of both the water 
condensed and the moisture leaving the con 
denser, each to within 1 ml or 1 g. may be 
used. The moisture leaving the condenser 
can be measured either by: U) monitoring 
the temperature and pressure at the exit of 
the condenser and using Oalton's law of 
partial pressures; or (2) pa.ssing the .sample 
gas .stream through a silica gel trap wUh 
exit gases kept below 20* C (SS* F> and de- 
termining the weight gain- 

Flexible tubing may be us«i between the 
probe extension and condenser. If means 
other than silica gel are used to determine 
the amount of moisture leaving the con- 
denser, it Is recommended that silica gel still 
be used between the condenser system and 
pump to prevent moisture condensation in 
the pump and metering devices and to avoid 
the need to make corrections for moisture 
In the metered volume. 

2.1.7 Metering System. Vacuum gauge, 
leak-free pump, thermometers capable of 
measuring temperature to within 3* C <5.4' 
P) dry gas meter capable of measuring 
volume to within 2 percent, and related 
equipment, as shown in Figure 17 1. Other 
metering systems capable of maintaining 
sampling rates within 10 percent of isokine- 
tic and of determining .sample volumes to 
within 2 percent may be used, subject to the 
approval of the Administrator. When the 
metering system is used in conjunction with 
a pltot tube, the system shall enable checks 
of Isokinetic rates. 

Sampling trains utilizing metering sys 
terns designed for higher flow r&tes than 
that described In APTD-0581 or APTD 0576 
may be used provided that the specifica- 
tions of this method are met. 

2.1.8 Barometer. Mercury, aneroid, or 
other barometer capable of measuring at- 
mospheric pressure to within 2.5 mm Hg 
tO.l In. Hg). In many cases, the barometric 
reading may be obtained from a nearby na- 
tional weather service station. In which case 
the station value (which Is the absolute 
barometric pressure) shall be requested and 
an adjustment for elevation differences be- 
tween the weather station and sampling 
point shall be applied at a rate of minus 2.5 
mm Hg (0.1 in. Hg) per 30 m (100 ft) eleva- 
tion increase or vice versa for elevation de- 
crease. 

2.1.9 Gas Density Determination equip- 
ment Temperature sensor and pressure 
gauge, as described in Sectiotus 2.3 and 2.4 of 
Method 2, and gas analyzer. If nece.viary. as 
described m Metiiod '^. 

The temperature st asor shall be attached 
to either the pitot t\ibe or to the probe ex 
tension. In a fixed configuration If the tem 
peraiure sensor Is attached in the field, the 
sensor shall be placed m an interfereme 
free arrangement with respect to the Type 
S pitot tube openings 'as shc^-n in Figure 
17 I or In Figure 2 7 of Meth(xl 2i AJtema 
tively. tiir temperature scrL^or need not be 
attached to e.lher the probe extension or 
pitol tube during samplinK. pmvided tliat ft 
difference of not more than 1 percent in tlie 
averag'* velocity measurenieni ts intn^vired 
Tl IS alternative is .sobjict to ihr appr»)Vftl 
of the Aflniitustrator 
2 2 Sample Recovery 

22 1 Prob<- No-.vie Hrvi.-*; N>i;i'i tin^W'- 
brvhsii viuh stau.l.'s.s str^l v^jt.- h;iiwil»- 1 h. 
hrt).sl» shall be properly si/.»-^1 .hap. .! 
brush fj'ii ih*' pinbr iuvj'h- 



22.2 Wash Bottles-Two. Glass wash 
bottle* %re recommended; polyethylene 
wa.'^h bottles may be uaed at the optton Oi 

the tester. It Is recommended that acetone 
not be stored in polyethylene bottles for 
longer than a month. 

2 23 Glass Sample Storage Containers. 
Chemically resistant, borosillcate glass bot- 
tles for acetone washes. 500 ml or 1000 ml. 
Screw cap liners shall either be rubber- 
backed Tenon or shall be constructed so as 
to be leak -free and resistant to chemical 
attack by acetone. (Narrow mouth glass bot- 
tles have been found to be less prone to 
leakage.) Alternatively, polyethylene bottles 
may be used. 

2.2 4 Petri Dishes. For filter samples: 
glass or polyethylene, unless otherwise 
specified by the Administrator. 

2.2.5 Graduated Cylinder and/Or Bal- 
ance To measure condensed water to within 
1 ml or I g. Graduated cylinders shall have 
subdivisions no grei^ter than 2 ml. Most lab- 
oratory balances are caoable of weighing to 
the nearest 0.5 g or less. Any of these bal- 
ances is suitable for use here and In Section 
2.3 4. 

2.2.6 Plastic Storage Containers. Air 
tight containers to store silica gPl. 

2 2 7 Funnel and Rubber Policeman. To 
aid In transfer of silica gel to container, not 
necessary If silica gel Is weighed in the field 

2.2.8 Funnel. Glass or polyethylene, to 
aid In sample recovery. 

2.3 Analysis. 

2.3.1 Glass Weighing Dishes 

2 3 2 Desiccator. 

2.3.3 Analytical Balance To measure lo 
within 0.1 mg. 

2.3.4 Balance. To measure lo withm U t> 

mg. 

2.3 5 Beakers 250 nil 
2.3.6 Hygrometer To mea.sure the rela 
tive humidity of tiie laboratory environ 

nwnt. ^ 

2.3 7 Temperature Oauge To measure 
the temperature of the laboratory environ 
nient. 

3 Rt^agents. 

3.1 Sampling ^ ^ 

3 1 1 Filters Th»- m .stack filters shall be 
glass mats or thmiblc fiber filters, without 
organic binders, and shall exhibit at icasi 
99 95 percent efficiency tOO Oft percent pene 
tratlon) on 0 3 micp>n dioctyl phthalate 
smoke particles. The filter efficiency tests 
shall be conducted in accordance with 
ASTM standard method D 2986 71 Te^r 
data from the supplier's quality control pro 
gram are sufficient for this pUrpo.se 

3.1 2 Silica Oel. indicating tyi)e. 6 to 16 
mesh If previously used, dry at 175 C /3hO' 
V) ior 2 hours New silica gel may be u.sed a.s 
received Alternatively, other types of desic 
cants (equivalent or better) may be used. 
Kubjecl to the approval of the Adnunistra 
tor 

3 1 ? Crushed U r 

3 l 4 Stop<'ock C}rea.v Ac^'tone ir^.soluble. 
lirat stable silicone greai,e Thus not 
vsssn if srrew on conm^tors with Teflon 
sleeves or similar, are u.sed All »'rnativ«'ly 
other types of .stoji* ^w'k grea.se mA> be uNed 
subjeci to the approval nf the Admuu-strft 
tor 

3 2 Samplf Pero\ery Aceton*'. rt-agt-nt 
gradr. 00 001 percent residue, in gl^^^-s bnt 
tle.s Acetone from metal coniamers gt^nrral 
ly ha& a high residue blank and .should not 
b»* used Sometimes, suppli* rs traiisfei w 
etonr to Kla.s.s V.-^ttles from mftal ruutalners 
Thu-. a<M.foiu' olanks ^hall hr run prior to 
fu-iii usi- and o:tii a<vton»* w^i^h blanK 
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values (00.001 percent) shall be used. In no 
CMe shall a blanK vmlue of vrcattr than 

0 001 percent of the weight of acetone used 
be subtracted from the sample weight, 
3 3 Analysis. 

3.3.1 Acetone. Same as 3.2. 

3 3 2 Desiccanl. Anhydr^s calcium sul- 
fate. Indicating type. Alternatively, other 
types of desiccants may be used, subject to 
the approval of the Administrator. 

4 Procedure. 

A 1 SamplinK- Th»» complexly of thi.s 
method is such that, m order to obtain reli- 
able results, testers should be trained and 
experienced ttith ihe test procedures. 

4 1 1 Pr%»test Preparation. All compo- 
nents shall be maintained and calibrated ac- 
cording to the procedure described in 
APTD 0576, unless olherwl.se specified 
herein. 

Wftigh several 200 to 300 g porliuiir, uf 
silica gel in air tight containers to the near- 
est 0 5 g Record the total weight of the 
silica gel plus container, on each container. 
As P.I allernalive. the silica gel need not be 
prpweighed. but may be weighed directly in 
it.s impingtT or sampling holder Just prior to 
tram assembly. 



Check filters visually against light ftir ir- 
regularttlet and flaws or pinM^le leaks. 
Label filters of the proper n\t^ on th^ bark 
side near the edge u.slng numbering ma 
chine Ink. As an alternative, label the ship 
ping containers tgla.ss or plastic' petn dish»'s) 
and keep the filters in these containers al 
all timos except during .sampling and weigh- 
ing. 

Desiccate the lUtfrs at 20 • :).(> C ^6a • 10 
P) and ambieiu pressurv for at least 24 
hours and wi igh at intervals of at lea^st 6 
hours to a constant weight, i e.. 00 5 mg 
change from previous weighing; record re 
.suits to the n»'arest 0.1 nig During each 
weighing the filter must not be expo.sed to 
the laboratory atmosphere for a peiiod 
greater than 2 minutes and a relative hu- 
midity above 50 percent Alternatively 
(unless otherwise specified by the Admlnis- 
trator). the filters may be oven dried at 105' 
C (220* F) for 2 to 3 hours, desiccated for 2 
hours, and weighed. Procediirr.s other than 
tho.se de.scribed. which account for relative 
humidity effects, may be used, subject to 
the approval of the Administrator. 

4.1.2 Preliminar> Determinations. Select 
the sampling site and the minimum number 
of .sampling pomts according to Method 1 or 
a.s .specified by the Administrator. Make a 



projected area model of the probe exlen- 
slon-fUter holder assembly, with the pilot 
tube face openings positioned along the cen* 

terline of the stack, as shown in Figure 17 2. 
(Calculate the estimated cro.ss-.sectlon block- 
age. a.s shown m Figure 17 2 If the blockage 
exceeds ft percent of the duct cro.s.s sectional 
area, the tester ha.s the following options 

(1) a .suitable out-of "tack filtration method 
may be u.sed instead of \u .stack filtratmn or 

(2) a .special In-.stark arrangement. In which 
the sampling and velocity measurement 
sites are separate, may be used: for details 
concerning this approach, consult with ^the 
Administrator usee al.so Citation 10 ii» Sec- 
lion 7). Determine the stack pressure, tem- 
perature, and the .*ange of velocity heads 
using Method 2. it is recommended that a 
leak-check of the pitot lines t.see Method 2. 
Section 3.1) be performed. Determine the 
moi.sture* content using Approximation 
Method 4 or Its alternatives for the purpose 
nf making Isokinetic sampling rate setting.s. 
Determine the .stack gas dry molecular 
weight, as described In Method 2. Section 
3.6; If Integrated Method 3 .sampling i.s u.sed 
for molecular weight determination, the In- 
tegrated bag .sample shall be iaken siiMulta 
nemiiilv with, and for the sam^ total length 
of t«m»' as. the parti''ular .sample run 
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P „ 1 7 7 Proiected area model of cross section blockage (approximate average for 
'''';!)ie tr'a versrJlse'bv an .n .tack fUter holder probe extension assembly. 



a samt 



ERIC 



HOitAl «IO.$TM. vol. 43. NO. 37-THU«$OAY, «MUA«Y 23, W^a 

2 4 ;) 



I 



RULES AND REGULATIONS 



7r)Hy 



SvUkx a nozzle svie babied on the range of 
velocity heads, such that it is not necessary 

ti- ihanKr lht» iioxzli* si/v in ordrr ti) main- 
tHjr. ;si)kinrii( sariUJlin^ ra:r». Ouring Uie 
nil. tlo rit)i rhangf ihi» no/j'.Je* si/.e Knsurt* 

i> r Jnisi-ii for llif ratin** oi \vUic\\y I)fa«Ls rn* 
Ci.i,* 'I ri'tl 'src Srrt}i)ii ^ nf Mi'lhud > 

I a j»rolH* cxTinsion ImKlh .such that 
ail ':a'.« r.sf poiiits can bv sampli'd For larKf 
^'.t N M»rt>nlcr sarnpling from opposne 
Jill- slark t') rr;lu(r \hv h*nniM of 

f f. • . 

'^• ■••i a ti-ial ♦.arnjilH^K tmu- Krrati r thai) 
i.r ' , ..li tw \h'' T(..niMi.iii] total .sariipMrig 
l.r . p«t:fii(i m thr Irst piorfilure.s lor thr 
•^p* .*;« ii.»i.i-ir\ sMCli tliat (li t)u' .sarnplHiK 
*.!M ■ ; • r pisint is nut If.ss lliaji 2 riunutt\s n.r 
SI". Kria''T tuMf interval jf .spftifu'd bv 
tr.i .-X irijiri!-*! raior ' aiuJ «2> lln* sanu»l»* 
Vi. ..»♦.< :;<K» n K urrrrti-d '«) slainJard rondi 
ti« :.' uill » AC* rd the- rc(piiri*(J nuiumiiin 

\t*\.\. t \.> >i\U\\t'lv \\:\\U1\V I ill' iunr'l l.s UiU^rd 

.if .ippr- ■* iinat avfra^'.f sarnphnK' rnir 
r . II . .♦mniri.cji'd that Ihi- n;iinhrr 'if 
n... •■ ^.iM^pli-d at r'iU'\\ point bt* an irilrK'iT 
nr .i: • I r iil-is oni- half niini>i«'. in oril» r 
tti .t I • 'i.f ki-t pnu- i-rrvirs 

I- . . ■irinn'-t »' b.j''h r\'t 1.- . 

I* " .. f.. I . .tT\ •.ainp;*" --ImiM* r 
•;t;. ii ■)»» irri'.ir.i pi'intv and l»> Mtii.iiii 

• r:'. •.. ■ • K.u- -an.i'i' V 'i inii'- In ll(t-M' ( iUM -- 
I);. A pril*.; 'r.ii .ipjJiDVa; n»i;. I fiisi hr 
"h- . J . d 

■4 : < I*r« I If i* "t* rn!j»Mii-in l iau. 

i>'.' vi 111' I .1? 'ifti :i*.d .U'^^t rnhK td ihr 

• ;if'.; .t.v: irii.n m ■ [» .i ii •»j>t nnu''' litTf i i -n 

• .iMcn I'Uri HI . ijf 'intTrci iintd Mist 

pr- r • I :i>* t rnt'l*. t»r unn) sH^>^piln^^ i.s abutit 
^ ■■ * ■ , n 

I* ■•.;ii.>*r'> •:• i.r.i to I'ondJ n-^t -^'.n k 
^ a- -r.-'.'.i ;/t p; • Mit ir. a,s fi)llows plac r 

I'M. V . ..f .1 .it, r 11 iiv n of tt\i' f'.rst tuo ini 
pit.-:- :p.« irnpiiu-.**r mii.'iv. 

ari.! •r;uis'. r appr. \ m .kU !> 'JOO iit iiOtJ ^: uf 
pi- A - ti >ir -i i'» I trtmi its cnr^laintT t.) 

ilr '-..irMi ijiu r K» I W'»ir silira nd ihay Ur 
u^t d »Mjt (• ir« ^hDiiitJ hr lakrn l(t t nsiir>* 
!h ii IS Nfi ti * f ;!itii J ;ind r.ii nrd IruMi 
thi .*:-.»ii., • r .1 ^'Uni' MiH t hf 

< ii>.' oitii r in a » If.*M pl;.« ft.r I'Aivt m 
rip Kn.pl* r«iov»i\ Alirrnat i w-l v . lor 
ttMk hr i f thi- s.ht:i K» I pi 1 . .Mipjrt^'i T n*;iv 
hf iir ;i i inwi* d It) tPi 1j» irr^t 0 ^ anti n- 
(orlfd 

If -^tinu nipaii^ iMhrr than i»i^pnikirrs is 
ijh« d ^i- i.-nd'ii-t m..- i» r<' pT»'i :.rr f» !i 
i}i I. ' I *anvi A u ;-M', r.a't' ^.iit i ^■ I i.>r 
t nndi i>i r nut 1« • : I'*' 

t*s.:',K' a 'urt/« f t 1' ao disi- ■'•al'i*' -10^,1 
<';ii k1«-v» s plai t »i ;.ib« i* (1 Kirntdnd a;id 



wtMKhed liltrr in thf filler holder. Be surr 
that the filler ia properly centered and the 

gitsktd jiroprrly plarcd so as not to allow tho 
sfuiipli* ga.s sirrain to c'ii'cMiiuv»*nf thf filter 
(*lu'c*k filli-r f«)r trars altrr tt.s.s»*nilily is (*orn 
plfifd Mark thr prciUr 1 x(rnsu)ij s^iih ht .ii 
rr Kslant taj)i' or bv s<»rnr other inrthtxl i«» 
drnott' thr j)rojMT di.sian(*e ini«» th*' stark or 
diu't fnr rach .sampling iwnnt 

Assrn^ble the tram :us m Ki^urt* 17 1. u.sin^ 
a vrry li^hi eoat of .sihcorn* grriu^r on all 
ground Khuss j»)ints and grr:i^ir>>; only thr 
oidrr poiMnn < srr AITP t»f)7ti' Id avoid pos 
sibihlv oi contannnai u»t; i)y thr sihci-m 
grr.'Lsr IMatr (Ttrdirci n t* around Ihr un 
puigrrs 

4 I 4 iM-ak ('hrt'K I'rorrtjnrrs 

4 M I I'ri'tr.st I^'ak (' n'«k A pretrst 
Irak rhrck is rrr()rnnu ndt'<i. but noi iv 
(juirrd If the- tt'^trr oj)t.s ti) fondurt thr prr 
ir.st Irak < h»M k. iht' follou uik procr durr 
sliall bv \is('i\ 

Aftrr thr sampling tram ha.s b»'en a-vsrni 
bird. plUM thr mP't lu thr prt»»jr i)«)/^ir vmUi 
a rnatrrial that hi at)lr to \ it h.stand t lir 
srack irniprralurr In.srrl t lu- filti-r h< Idrr 
iriii) thi' stark antl uait Rppj')xirnairly 5 
ruinui r-. (or loiu'er. if nrcr:..sar\ ) to ailou 
I ) .1 'A rrn I u cornr {() r(pnl'.l)IUlin u ,1 h t hr 
lrnip< rati'. r of thr stark ga^s .strrain Tiiin 
on thr purnp arnl draw a vncuiim ( f at h iU^t 
:m) nun m Hg». ru)li' that a lourr 

wr uiiin ina\ bf usni. proMilfd that .t is not 
r\. rrdi'd dwruiK t hr fr.st Dru rrMin t hr 
Irakag*' rati- A Irakage ratr m rMiN> of 4 
P'rf.rnt of thr av rrag*' sampling rait or 
o nut)57 nun (0 02 c fnw. whu lunrr i.s 
Ifs.s. I.s una<*rrptablr 

'Vhf" foUov^mg Irak chtM k instruct jiUAs for 
th« sttniplitit^ tra:n cli-^rrihrd m AI*'ri) ci.SVH 
and Ann nia> bi lirlj)fiil. Start i hr 

pump vk ith by pas.s val\f f\illy opcri and 
roarsf adjust \ai\r conipletrly clost-tl Par 
tl.illv oprn thr ci);iisr adju.st \alvp and 
sli.Al> ( io.-^r thr b\ p.uss vaUi* until thr dr 
Mi'td \aruinn is rcai hni Do not rewrse di 
rrchun ot by p:us.s valw* If thr drsjrrd 
vacuum is rxtcfdcd. tither Imk chrrk at 
thus hl^;hpr vacuum or end thr Irak chrck lus 
shiiuu and start ovrr 

When thr Irak (^hrrk i.s cornplrtfd. fir-.t 
siciuly rrrnovr thr plug frain thr inlcl tn thr 
prtJbr no/^!r ar:d inunrdiatcly turn olf thr 
va'M'Jui puit^p Thi.- prr\rnts v.atiT frotn 
bniiK f«»r«i'd back\Jkard and krrps silica gri 
fr«»fn he'in^» rntrairifd ba< kv^ ard 

•1 I 4 '-i I.raK (*hrck-^ During; Sample H*ui 
If duioiK lor sarophni.: run. a comptinri.i 
• I h t rr a.^^rmhlv or impitiK'T > change b» 
J i-'ui Ill cr'.s.'ir V a h .ik rlu'ck shall be- fi.n 
.lu'trxJ immrdiHicl\ before the i han>ir is 



niadr. The leak check shall be done accord 
im to the procedure outJined In Section 
4 14! above, except that it shall be done at 

a ;a<'uum r(pial to or ^:rratrr than thr iraxi 
Muirn value rrroriini up to that point m thr 
t»-| If till Irakagr ra'r is fuunci to br no 
Kn atrr t hari () {U}()57 irr nun «0 02 rini ' or 4 
prnriit of thr uvrragr sampling ralr 
tuhuhrvrr ks Ics.si. thr r«-sidts urr accrpt 
abir. aiwi /lo c (»rrf(iion vviil ru <'d tu br ;tj) 
phi d fo the tohd vnluint' <tf (ir.v gjus metered, 
if. h(?v^cvrr. a high«r Iraka^r rate is ob 
lainrd. Mir trviir shall ♦•nlu r rrcord thr 
lraka»:r ratr and plaii U' mrrrrr thr sample 
\'i)unir {ts .slii'Wn in Si ciiori 6 .H of thus 
mi thoii. or shall v.Md the sampling run 

Immcdiatriy aflrr c-oniponmt changes. 
Irak chrrk.^ arr opr lontil. it Mirh leak chrcks 
arr tlonc. thr prorr.iurc outhnrd m Sriiio*, 
4 14 1 above shall hr used 

4 I 4.;i Po.st Test I^'ak Cheek A Irjik 
check KS mandatory at the coiirlu.sion of 
ia. h ;.aniph;^g r;;;; Tlic leak ch; ;U ;.ha!! he 
donr in accordance v\ilh the prou'dures out 
hned m Seet ion 4 14 1. rxi ipt that it shall 
br conduct rtl at a vacuum equal to or great 
rr ihan ihe maximum value reacheiJ (iuruig 
thr sampling run If the leakage rate i.s 
ft-und to be DC ^Tea^er than t) 000.^7 rn\ mm 
MI nj cfm) nr 4 prrcrru ni ihr average sarn 
phng ratr (uhic!ie\«T is Irs.sJ. the results arr 
arrrpmblr. arui no <*()rrrction need b»* ap 
plird to the tiiMd voluMir of dry ga.s metered 
If. however, a higher leakage rale is ut) 
tamed, the tester ^hall eUhrr record the 
Irakage rate and corn-r t thesiimple volume 
a.s .shoun m S.i*ti(»ri H ;i nf this method, or 
shall void rhi- siuiW'hnK n- 

4 1.5 Partu mate Tram Operation. 
During the sainphjiK run fr.a.r^hun a san^ 
t)|ing rail ..:ie)i that sampling is sMthin 10 
percf'nt of true iv^nkineiu*. iinli ss ot hrrw use 
specified by the Adnunist rator 

F'or ea«*h run. reord l!u dara re(pnrrij on 
thr exami Ir d.ra ^hret :h.»'An m Ki^jurr 17 
3 Be surr to record the uutial d;y g'.us meter 
reading Hrcorci thr (ir\ Kits rU'-ti-r rrH\iings 
at the brguuu.M^: and end of lach sampling 
tune increment, when < hauKes m flow rate.s 
arc made, befi^re and afti-r each N ak che^'k. 
and when sarnj)ling is haltrd Take other 
rra<iings re<j»nri'd b\ Fiijure 17 3 at least 
once at rach ^amplr point (iunng each tune 
increment and iidil'Monal reaiiings s^heii sig 
mficant changi\s » Jt) pi-rei-nt variation m vr 
locMty heaci r»a:iings^ nrcrssitate ad<litional 
adjustnirnt.s in flow ralr I/ vel and /ri'o the 
riianonirlrr nieauM- thr ina"orrirter level 
and •/( rf; mav (irifr due ti^ vui.atioiu and 
tMnperarurr crian^:es. make periodic clinks 
dot iT^K the I ravf rsr 
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PLANT 



BAROMETRIC PRESSURE 

ASSUMED MOISTURE, %^ 

PROBE EXTENSION LENGTH, m(ft.) 

NOZZLE IDENTIFICATION NO 

AVERAGE CALIBRATED NOZZLE DIAMETER cmdn ) 

FILTER NO 

LEAK RATE,m3/min,|dm) 

STATIC PRESSURE, mm Hg (in. Hg) . 



PITOT TUBE COEFFICIENT, Cp SCHEMATIC OF STACK CROSS SECTION 



TRAVERSE POINT 
NUMBER 


SAMPLING 

TIME 
(fll. mm. 


VACUUM 
mm H| 

(in. H|) 


STACK 
TEMPERATURE 

(Te), 
"C (*F) 


VELOCITY 
HEAD 

( A Pel 

mm H2O 
(in. H2O) 


PRESSURE 
DIFFERENTIAL 
ACROSS 
ORIFICE 
METER, 
mm H2O 
(in. H2O) 




GAS SAMPLE TEMPERATURE 
AT DRY GAS METER 


TEMPERATURE 
OF GAS 
LEAVING 

LAST IMPINGER. 


GAS SAMPLE 
VOLUME. 
m3 (ft3) 


INLET, 
oc (OF) 


OUTLET. 
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LOCATION 

OPERATOR 

DATE 

RUN NO 

SAMPLE BOX NO. 
METER BOX NO.. 

METERAH®. 

C FACTOR 



Cletn the portholei prior to the itsi run 
to minlmlM the chanoe of •AmpUnt th« de* 

posited material To begin sampling, remove 
the noTizle rap and verify that the pitnt iwbv 
and probe extension are properly posi- 
tioned. Position the no/zle at the first tra- 
verse point ^uh the tip pointing airectly 
into the gas stream Imme^hately start the 
pump and adju'^t the fiov/ to isoklneU<- con- 
ditions Nomographs are available, which 
Bid in the rapid arijustment to the isokinetic 
.sampling rate v^jthowt exiesslve commuta- 
tions These nomoKraphs are desi^nt j for 
iLsr when the T\pe S pItnt lube coefficient 
i.s 0 85*0 02. ar il the Slack gas equivalent 
density (dry molecular weight) is equal lo 
29 • 4 APTO 0576 details the procedure for 
using th.> nomographs If C» end are out- 
side the above .stated ranges. Jo not use the 
nomographs unless approprlnte sUkjs (see 
Citation 7 m Section 7) are taken to com- 
pensate for the deviations. 

When the slack is under sl^Uficani nega- 
tive pre.ssure 'height of impinger stem), 
take care to close the coarse adjust valve 
before m.serting the probe extension assem 
bly into the stark to prevent water from 
being forced backward. If necessary, the 
pump may be rurned on with the coarse 
adjust valve closed. 

When the probe is In position, block off 
the openin/". '.'ound the probe and porthole 
to prevent unrepresentative dilution of the 
ga.*i stream- 

Traverse the stack cross section, as re- 
quired by Method I or as specified by the 
Admini,stralor. being careful not to bump 
the probe nozzle into the stack walls when 
sampling near the walls or when removing 
or Inserting the probe extension through 
the portholes, to minimize chance of ex- 
tracting deposited material. 

During the test run. luke appropriate 
.steps <e.g.. adding crushec. \re to the Im- 
pinger ice bath) to malnuii 'er^perature 
of less than 20 C (68' F) a' .i- ccnden5er 
outlet: this will prevent exce.ssive mo^nure 
losses. Also, periodically check the level KXid 
zero of the manometer. 

If the pressure drop across the filter be- 
comes too high» making isokinetic sampling 
difficult to maintain, the filter may be re- 
placed In the midst of a sample run» It Ls 
recommended that another complete filter 
holder assembly be used rather than at- 
tempting to change the filter Itself. Before a 
new filter holder Is installed, conduct a leak 
rh-^ck^ as outlined In Section 4.1.4.2. The 
total particulate weight shall Include the 
summation of all filter assembly catches. 

A single train shall be lased for the entire 
sample run. except In cases where simulta- 
neous sampling is required in two or more 
separate ducts or at two or more different 
locations within the same duct. or. in ca^es 
where equipment failure necessitates a 
r^iangeof trains. In all other situations, the 
use of 1^0 or more trains will be subject to 
the approval of the Administrator. Note 
that when two or more trains are used, a 
.separate analysis of the collecleO particu- 
late from each train shall be performed, 
unless Identical nozzle sizes were used on all 
trains, in 9,h\rh cm the particulate catches 
from the indiMdual trains may be combined 
and a. single analvsis performed 

Ai the end of the sample run. turn off the 
pump, remove the probe extervslon assembly 
from the stack and record the final dry gas 
meter readmK Perform a leak rhiTk a5 out 
lined in Srction 4 14 3 Also leak check the 
p,lot linr*- a.s r.brd ;n S**<Ii<hi 3 1 .>f 
Method 2. the l.nes ma.st pa^s this leak 



RULES AND REGULATIONS 

check, In order to validate the velocity head 

""Tl-, Ca.cu,.,ion of P..r..n. TsoKinetic. 
Calculate percent i.sokinetic i>**i* Section 
6 11 MO determine wlwlher antither tesl run 
should be made If there u diffu'ult> m 
maintaining Isokinetic rates lUie to source 
conditions, consult with the Aviministrator 
for po.ssible variance on the i.sokinetic rates 

4 2 Sample Recovery Proper cleanup 
procedure begins a.s soon as the probe ex 
tervslon a^ssembly is remcned from the stack 
at the end of the sampling period. Allow the 
assembly lo cool 

When the assemblv ran b*- .safely handled, 
wipe off all external parnculate mailer near 
the tip of the probe noz/.ie and place a cap 
over it to prevent losing or gaming parllcu 
late matter Do not cap off the probe tip 
tightly while the sampling train Is cooling 
down as this would create a vacuum In the 
filter holder, forcing condeaier water back' 
ward. 

Before moving the sample train to the 
cleanup site, disconnect the filter holder- 
probe noa^'le assembly from the probe ex- 
tension; cap the open Inht f^f the probe ex- 
tervslon. Be careful not to lose any conden- 
sate, If present. Remove vh'* umbilical cord 
from the condenser outlet and cap the 
outlet. If a flexible line Is used between the 
first Impinger (or condenser) and the probe 
extension, disconnect the line at the probe 
extension and let any condensed water or 
liquid drain into the impingers or condens- 
er. Disconnect the probe extension from the 
condenser: cap the probe extension outlet. 
After wiping off the silicone grease, cap off 
the condenser inlet. Ground gla.ss sioppers. 
plastic caps, or serum caps (whichever are 
appropriate) may be used to close these 
openings. 

Transfer both the filler holder-probe 
nozzle assembly and the condeiiser to the 
cleanup area. This area should be clean and 
protected from the wind so that the chances 
of contaminating or losing the sample will 
be minimized. 

Save a portion of the acetone used for 
cle.:nup as a blajik Take 200 ml of this ac- 
etone directly from the wash bottle being 
used and place It in a glau sample container 
labeled "acetone blank." 

Inspect the train prior to and during dis- 
assembly and note any abnormal conditions. 
Treat the samples as follows: 

Confatntr No, L Carefully remove the 
filter from the filter holder and place it In 
its identified petrl dish container. Use a pair 
of tweezers and/or clean disposable surgical 
gloves to handle the filter. If It Is necessary 
to fold the filter, do so .«'ich that the partic- 
ulate cake \fi inside the fold. Caiefully trans- 
fer to the petrl dish any particulate matter 
and/or filter fibers which adhere to the 
filter hold'^r gasket, by using a dry Nylon 
bristle brush and/or a sharp edged blade. 
Seal the container. 

Container No. 2. Taking care to .nee that 
dust on the outside of the probe nozzle or 
other exterior surface.s does not get into the 
sample, quantitatively recover particulate 
matter or any condensate from the probe 
nozzle, fitting, and front half of the filter 
holder by washing these components with 
acetone and placing the wa.sh in a glass con 
tamer Distilled viater may be u.sed instead 
of acetone when approved by the Adtninis 
trator and .shall be used when sp(»rified by 
the Afimmistraior. in these ca.se.s. wive a 
\xater blank and fnllovt Administrattir s ili 
r» . tuM.s on afiar.M^ r»T(»jrtn thf ari»ltnif 
rin.seb as foHo«.s 
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Carefully remove the probe nozzle and 
c\%m the \nmt lurface by rinsing with ac' 
f tone from ft wash bottle and btimhin^ with 

a N>lon bri.stle brush Hrush until acetone 
rinse .show- n(> \jsihu- particles, after \\hi'ii 
nmkf a final ritwe of the in.side .surface with 
an'tune 

Brush and rln.se \Mlh acetone the in.sme 
purls nf the fitting in a similar way until no 
\i.sil)le partieh's remain A funnel tgla^is ur 
polyethylene) may be u.sed to aid In trans 
ternrig Uquul wa^ihe.s to the container Rm.se 
the brush with acetone and quantitatu ely 
collect these wa.shings in thr .sample cnn 
tainer E^etween sampling runs, keep 
brushes clean and protected from contami 
nation. 

After ensuring that all joints are wiped 
clean of silicone grease df applicable!, clean 
the In.side of the front half of the filter 
holder by rubbing the surfaces with a Nylon 
bristle brush and rinsing with acetone. 
Ulnse each surface three times or m^^re (f 
needed to remove visible particulate. Make 
final rinse of the brush and filter holder. 
After al) acetone wa^shlngs and particulate 
matter are collected m the sample contain 
er. tighten the lid on the sample container 
so that acetone will not leak out when it ks 
shipped to the laboratory. Mark the height 
of the fluid level to determine whether or 
not leakage occurred during trarvsport. 
lAbiM the container to clearly identify Us 
contents. 

Container No. 3. if silica gel is used in the 
condenser system for mositure content de- 
termination, note the color of the gel to de 
termlne If It has been completely spent, 
make a notation of its condition. Trarusfer 
the silica gel back to lt,s original container 
and seal. A funnel may make It easier to 
pour the silica gel without spilling, and a 
rubber policeman may be used as an aid in 
removing the silica gel. It is not necessary to 
remove the small amount of dust particles 
that may adhere to the walls and are diffi- 
cult to remove. Since the gain in weight Is to 
be used for moisture calculations, do not use 
any water or other liquids to transfer the 
silica gel. U a balance Is available in the 
field, follow the procedure for Container 
No. 3 under "Analysis."' 

Condenser Water. Treat the condenser or 
Impinger water as follov^s. make a notation 
of any color or film in the liquid catch. Mea 
sure the liquid volume to within ± I ml by 
using a graduated cylinder or. if a balance is 
available, determine the liquid weight to 
within ±0.5 g. Record the toUl volume or 
weight of liquid present. This Information is 
required to calculate the moisture content 
of the effluent ga.s. Dl.scard the liquid after 
measuring and recording the volume or 
weight. 

4 3 Analysis. Record the data required on 
the example sheet shown in Figure 17 4. 
Handle each .«?ample container as follows 

Container No. 1. Leave the contents In the 
shipping container or transfer the filter and 
any loose particulate from the sample con 
tainer to a tared glass weighing dish Desic 
cate for 24 hours in a desiccator containing 
anhydrous calcium sulfate. Weigh to a con- 
stant weight and report the resulu to the 
nearest 0 1 mg For purposes of this Section. 
4 3. the term constant weight" means a dlf 
ference of no more than 0 5 mg or 1 percent 
of total weight le.ss tare weight, whichever is 
greater, betvieen two eonseriitUe weighings 
VLj!h no less than 6 hours of desiccation 
time betvkeen ^elRhm^s 

.Mt»rnathrl> thf sampl** mav hr fi\en 
dried at the a\craK»^ '^'atk ienip«raiiue or 
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•UIK AHOHEOUlAnONS 



Plant 
Date. 



Run No. 



Filter No. 



Amount liquid lost during transport 

Acatone blank volume, ml 

Acatona wish volume, ml 



Acatone Wack concentration, mg/mg (equation 174) 
Acetone wash Wank, mg (equation 1 7 5) 



CONTAINER 
NUMBER 



TOTAL 



WEIGHT OF PARTICULATE COLLECTED. 



FINAL WEIGHT 




TARE WEIGHT 



Less acetone blank 
Weight of particulate matter 



WEIGHT GAIN 





■ — 1 

VOLUME OF LIQUID 
WATER COLLECTED 


IMPINGER 
VOLUME 

ml 


SILICA GEL 
WEIGHT 

g 


FINAL 






INITIAL 






LIQUID COLLECTED 






TOTAL VOLUME COLLECTED 




[ m^ 



* CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIC 
INCREASE BY DENSITY OF WATER (Ig ml) 

V(XUME WATtH. ml 

1 g ml 



E.quit' 1 7 4 An.iiytical ddt.i 
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RUieS AND REOUUTIONS 



Container So. 2. Note the level of liquid in 
the conuiner and confirm on the analysis 
sheet whether or not leakage occurred 
during transport If a noticeable amount of 
leakage has orrurred. either void the sample 
or use methods, subject to the approval of 
the Administrator, to correct the final re- 
sults Measure the liquid in this container 
either volumetrically to * I ml or gravime- 
tricaily to -» 0 5 g Transfer the contents to a 
ta'-ed 250 ml beaker and evaporate to dry- 
nets at ambient temperature and pressure. 
De.s urate for 24 hours and wt»igh to a con- 
stant weight Report the re..nlts to the near- 
est 0.1 mg. 

Container So 3. This step may be con- 
ducted in the field Weigh .he spent silica 
gel tor silica g**l plus Impinger) to the near- 
est 0 5 g using a balant'e. 

''Acetone Blank" Container. Measure ac- 
etone in this container either volumetrically 
or KrHviiiietiunW> Transfer the acclonr to a 
tared 250 ml biaker and evaporate to dry- 
ness at ambient temperature and pressure 
Desiccate for 24 hours and weigh to a con- 
stant weight. Report tht- resulU to the near- 
e.st 0 I nig 

NoTF At the option of the tester, the 
contents of Container No. 2 as well as the 
acetone blank container may be evaporated 
at temperatures higher than ambient. If 
evaporaiion is done at an elevated tempeTa^ 
ture. the temperature must be below the 
boiling point of the solvent, also, to ^^reveiit 
• bumping. " the evaporation process nust be 
closely supervised, and the contents of the 
beaker must be .swirled occasionally to 
maintain an even temperature. U.se extreme 
care, as acetone is highly flammable and 
has a low flash point. 

5 Calibration. Maintain a laboratory log 
of all calibrations 

5 1 Probe No/J'.le Probe nozzles shall be 
calibrated before thrir initial u.se in the 
firld Using a micrometer, measure the 
liLside diameter ol the luwle to the nearest 



0.025 mm (0.001 in.). Make three separate 
mtasurements using different diameters 
each time, and obtain the average of the 
measurements. The diff«Tence betv^een the 
high and low numbers shall tiot exceed 0.1 
mm < 0.004 in.). When no/y.les become 
ntrked. dented, or corroded, they shall be 
reshaped, sharpened, and recalibrated 
before u.se Kach nozzle shall be permanent. 
Iv and uniquely identified. 

5 2 Pitot Tube. If the pitot tube is placed 
in an interference free arrangement \Mth re- 
spect to the other pn)be assembly conipo 
nent.s. Its baseline (i.solatect tubei eo«*f (icient 
shall be determined as outlined In Section 4 
of Method 2. If the probe assembly is not m- 
terference free. the pitot tube as.sembly co- 
efficient shall be determined by ralibration. 
using methods subject to the approval of 
the Administrator. 

5.3 Metering System. Before 's initial 
wnp in the field, the metering sy.sttm shall 
be calibrated according t.o the procedure 
outlined in APTD 0576. Instead of physical- 
ly adju.stlng the dry gas meter dial reading.s 
to correspond to the wet test meter read 
ings. calibration factors may be u.sed to 
mathematically correct the gas meter dial 
readings to the proper values. 

Before calibrating the metering sy.stem. it 
is suggested that a leak-check be conducted. 
For metering systems having diaphragm 
pumps, the ' rmal leak check procedure 
will not detect leakages within the pump. 
For these cases he following leak-check 
procedure is suggested: make a lO-minute 
calibration run at 0.00057 mVmin <0.02 
cfm>: at the end of the run. take the differ- 
ence of the measured wet test meter and 
dry gas meter volumes; divide the difference 
by 10. to get the leak rate. The leak rate 
should not exceed 0.00057 m'/min (0.02 
cfm>. 

After each field use. the calibration of the 
metering .system shall be checked by per- 
forming three calibration runs at a single, 
intermediate orifice setting <based on the 



previous field test), with the vacuum set at 
the maximum value reached during the test 
series. To adjust the v<icuum. in.sert a valvi* 
bttv^efii the wet le^t m»'ter and the inlet o\ 
the metering sy^rm Calculate the average 
value of the eahbrHttun factor U the r;ili 
brat ion has changed by more than 5 per 
cent, recalibrate the mt-ter over ihe full 
range of orifire .settiiiK^ JVS oiitluied in 
APTU-057tJ. 

Alternative procedures. eK. Using M:* •»ri 
fice meter coef f jeieii's. may he iih« d. *;uhj«f i 
to tht approval of thv Adinuustratnr 

NoTK If the drv gJus im-ter (iMffun-n^ 
values obtained b«'forc and alter a 
.si-rie.^ differ by more than h pen »'nt tht- 
tfst series shall eiiher be voided, or calrula 
tlons for the test stTies shall be perhirin»-d 
using whichever metrr roeffKimt value 
U.e . before or after) gives the lower valu»- t»l 
total sample volume 

ft 4 Temperature (hiu$?«'s Tse the proee. 
dure in Section 4 3 ol MrUl'i^d 2 to < ahbrate 
in-stack tempera! u.-e gau^v ^ Dial thermnui 
fters. such as are u.sed lor the dry ga,s ni«'tri 
and condenser outlet shall be calibrat«-d 
against mercury in glass thermometer.^ 

5 5 I/«*ak Check of Metering Svst»«ni 
Shown m Figure 17 1 That portion of the 
.sampling train f'^om th«* pump to th«* orifice 
meter should be leak ch«'Cked prior lo itiili^l 
u.se and after each shipment. Leakage aft«T 
the pump will result in less \oliim«* b«Mng le 
corded than is actually .sampled The foUov. 
ing procedure is suggested <see Figiir«* 17 5> 
Clo.se the main valve on the meter box 
In.sert a one-hole rubber .stopper with 
rubber tubing attached into the orifice vx 
haiist pipe. Disconn«'Ct and vent the lo\fc Side 
of the orifice manometer. Close off the lo\i 
side orifice tap. Pre.ssuriv.e the system to 13 
to 18 cm <5 to 7 In.) water column by blov. 
ing into the rubber tubing Pinch off the 
tubing and ob.serve the manometer f(>r oiie 
minute. A loss of pre.ssure on the mano 
meter Indicates a leak in the meter box. 
leaks, if present, mu.st be corrected 
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Figure 17-5. Leak check of meter box. 
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6 Calcvlationt, Carry oul eiLlcultttww. rf • 
Uititni %i IcMt one cEtrt decimal figure 
beyond that of Die acquired data. Round off 
fimrti after the final calculaUon. Other 
form* of the equUlona may be u»ed aa long 
as they give equivalent reaulta. 

6.1 Nomenclature. 

A.«Croaa-gectlonal area of noasle. m» (ftM. 
B«,«WaUr vapor in the gaa gtnsam, propor- 
tion by volume. 

Acetone blank realdue concentration, 
mg/g 

c.« Concentration of particulate matter In 
stack gas. dry baals, corrected to stan- 
dard conditions, g/dscm Cg/dscf ). 

I Percent of isokinetic sampling. 

Maximum accepUble leakage rate for 
either a pretest leak check or for a leak 
Check following a component change; 
iHiual to 0.00067 mVmln (0.02 cfm) or 4 
percent of the average sampling rate, 
whichever Is less. 

U Individual leakage rate observed during 
the leak check conducted prior to the 
component change (U i. 2, 3 . . n), 
mVmln fcfm). 

Leakage rate observed during the post 
test leak check. mVmln (cfm). 
Total amount of particulate matter col- 
lected, mg. ^ ,o A „/„ 
Molecular weight of water. 18.0 g/g- 
mole (18.0 Ib/lb-mole). 
m.-Mas& of residue of acetone after evapo- 
ration, mg. , 
P»„ := Barometric pressure at the sampling 
**'site. mmHgdn. Hg). 
r Absolute stack gas pressure, mm Hg (in. 
Hg) 

,= SUndard absolute pressure. 760 mm 
Hg (29.92 in. Hg). 

Ideal gas constant. 0.06236 mm Hg mV 
•K-g-mole (21.85 In. Hg-ftVR lb-mole). 
T ^Absolute average dry gas meter tem- 

' perature (see Figure l7-3)» CR). 
T ^ Absolute average stack gas temperature 

' (see Figure l7-3>. CR). 
Tj^^ Standard absolute temperature. 293* K 
i528*R). 

V * Volume of acetone blank, ml. 
v\ - Volume of acetone used in wash. ml. 
v'*- Total volume of liquid collected In im 

" plngers and silica gel (see Figure^ 17-4). 

V„ = Volume of gas sample as measured by 

dry gas meter, dcm (dcf). 
V.uu;» Volume of gas sample measured by 
the dry gas meter, corrected to standard 
conditions, dscm (dscf). 
V.^^» Volume of water vapor In the gas 
sample, corrected to standard condi 
tlons. scm (scf ). 

V - Stack gas velocity, calculated by Method 
' 2 Equation 2-9. using daU obtained 

from Method 17. m/iec (ft/sec). 
W, : Weight of residue In acetone wash, mg 

V = Dry gas meter calibration coefficient 
AH = Average pressure differential across 

the orifjce meter (see Figure 17-3). mm 
H,0 (in H,0) ^ ^ ^ 

p. -Densit) of acetone, mg/ml (see label on 
bottle) 

-.^DensiiV of water. 0 <>982 g ml < 0 002201 

$ .Total sampling time, min 
e -Sampling lime interval, from the be^wi 
ning of a run until the first componrni 
change, mm 
.SampUng time interval. b<»t*t^en i^o 
successi\e component changes begm 
ninR tjkUh ihc wuer\al beiarcTi t h»> fir^i 
and second changes, nun 



U 
m^ 
M, 



P. 



R 



lUUS ANP tEOULATION$ 

sampling time Interval, from the final 
(n'*') ooouponent ohante until the end of ^ 
the tampilnfl run, twin. 

13.8 -Specific gravity of mercury. 

60-8ec/min. 

100 -^Conversion to percent. 

8.2 Average dry gas meter temperature 
and average orifice pressure drop. See data 
sheet (Flaure n-3). ^ ^ . 

6 3 Dry Oai Volume. Correct the aample 
volume measured by the dry «aa meter to 
standard conditions (20* C. 760 mm Hg or 
6ft* F. 29.92 m. Hg) by usUig Equation 17-1. 
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^ni(std) " V 




P. + .'^H 
TT.'6 



1 m 



Equation 17 1 

where. 

K,- 0.3858* K/nun Hg for metric uniU; 
17.64* R/ln. Hg for English units. 
NoTt --Equation 17-1 can be used as writ- 
ten unless the leakage rate ob«?rved during 
any of the mandatory leak checks (I.e.. the 
post-test leak check or leak checks conduct- 
ed prior to component changes) exceeds U- 
If L, or L, exceeds L.. Equation 17-1 must be 
modified as follows: 

(a) Case I. No component changes made 
during sampling run. In this case, replace 
V„ in Equation 17-1 with the expression: 

(b) Case II. One or more component 
changes made during the sampling run. In 
this case, replace V, In Equation 17-1 by the 
expression: 



(L, 



}'2 



6.6 Acetone Blwvk Concentration. 



V. -a 



Equation 17-4 

6 7 Acetone Wash Blank. 

Equation 17-5 

6.8 Total Particulatf Weight. Determine 
the total particulate catch from the sum of 
the weights obtained from containers 1 and 
2 less the acetone blank (see Figure 17-4). 

NoTt.-Refer to Section 4.1.5 to assist in 
calculation of results involving two or more 
filter assemblies or two or more sampling 
trains. 

8.9 Particulftt'' Cnncentration. 

(0.001 g/mg) (m»/V«i^) 

Equation 17-6 

6.10 Con\ersion Factors: 



and subsffute only for those leakage rates 
(Lh or Lp> ^hlch exceed U 
6.4 Volume of water vapor 



\ /hi \ 



where. 

Ki 0 001333 m' ml for inrlric vin;U. 0 04707 
ft ' ml for F.iighsh uniU 
6 5 MoislMr<- C*ntu«»nt 



From 



To 



•cf .. 

s/ff 
g/ff 



|/m'. 



Multiply by 

0.02SS3 

2 206 » 10 ' 
35.}1 



6 U Isokinetic Variation. 

6 11. 1 Calculation from Raw Data. 



100 |..,v.^ * (VJ/TJ (P,,,^AH/n.6)2 



Equation 17-7 

where: 

K, = 0.003454 mm Hg mVml-'K for metric 
units, 0 002669 in. Hg-ftVml-'R for Eng- 
lish units 

6 112 CalculdUon from intermediate 
Values. 



100 



^4 P 



V 

nr 



KQuation 17 8 

K.- 4 320 for niriric unites. 0 09450 for £ng 

hsh anus 

6 12 Acceptable* Rf.sn ts If 9^ percent 
nioi 10 percent, the res»ii'-*^ are acceptable If 
the results are low in comparison to the 
standard and 1 is beyond the accepiablr 
range, or. If I l^i lesA ihJin 90 percent, the Ad 
rnmi5irator ma> opt to accept the results 
I'sp Cnation 4 in Sernon 7 to make judg 
nu'nu OlhervLise ri-jeU the rfs^ilts and 
rt-peat the : '^^'i 
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ENVIMONMENTAL PROTECTION 
AGENCY 

fFRL m-61 
KRAFT PUIP MILIS 
Droft 0«ld«l»n# OocM«««H: AvsiloWltty 

AOfJNCY: Environmental Protection 

ACTION: Notice of Availability of 
bratt Guideline Docunr>ent. 
SUMMARY: This action announces 
the availability of a draft guideline 
document for the control of total re- 
duced sulfur (TRfi) emisfilonB from ex- 
islinj? kraft pulp mills, and invites 
public comments on the contends of 
lh«* document. Standards of perfor- 
mance for control of TRS from new, 
modified, and reconstructed kraft pulp 
miii.s are being promulKated elsewhere 
in this issue of the Federal Registct. 
ViuitT the Clean Air Act. the Adminis- 
trator must issue this draft document, 
consider the public comments received 
on the draft, and publish a final guide- 
line document. Publication of the final 
document will trigger the development 
o! State plans to control TRS emis- 
sioius from existing draft pulp mills. 
DA TE. Comments must be received on 
or b^^fore April 24. 1978. (60 days after 
this publication). 

ADDRESS: Comments should be sub- 
mitted, preferably in triplicate, to the 
Emission Standards and Engineering 
I )iv ision. Environment al Protection 
Agency. Research Triangle Park. N.C. 
27711, Attention: Mr Den R. Good- 
win. 

A copy of the draft j^uideline docu- 
ment may be obtained from the U.S. 
EPA Library (MD-35V Research Tri- 
angle Park. N.C. 27711 (specify "Draft 
Guideline Document* Control of TRS 
Emissions from Existing Kraft Pulp 
Mills**). 

The draft guideline document and 
all public comments received will be 
available for Inspection and copying 
during normal business hours at the 
Public Information Reference Unit 
tFPA Library). Room 2922. 401 M 
Street SW . Wa,shint.!on. D C. 

FOR FURTHER INFORMATION 
CONTACT. 

Don R Cioo<tu i:. Emis.Mon Stan 
dards and Engineering Di\ision. En 
\irui\menial Proie.!\on ARoncy. Re- 
search Triangle Park. N C. 277 1 1. 
\t '.epl'.orv* 9iy 541 ?27l 

Sr PPLKM ENT A R V I N FT) R M A T lO N 
If'.r Cleai^. Air Ar applirs lo 'hr^M- 
^^•nt ral lattgorirs ;\^!l;i*aTU.^ vn\\\ 
.. I i':i^!;ar-. ^ Th»' f*r^* 

■■f'-Tr' -i • »^ a.^ rn*' r:a p-!!;i'ar^!.s = f >r 
•Af . )\ :\.\ cj.iali*> ir.-- -.a naiiDnai ar:-. 



bient air quality standards, and State 
implementation plans are established 
under sections 108-110 of the Act. The 
second category consist of pollutants 
listed and controlled as hazardous pol- 
lutants under section 112 of the Act. 

The third category consists ox pol- 
lutants that are (or may be) harmful 
to public health or welfare but are not 
or cannot be controlled under sections 
108-110 or 112. Section 111(d) requires 
control of existing sources of such pol- 
lutants whenever standards of perfor- 
mance (for those pollutant*) are estab- 
lished under section 111(b) for new 
sources of the same type. For conve- 
nience of reference, such pollutants 
are referred to as "designated pollvt- 
ants." and existing facilities whose 
emi.ssiom; of such pollutants mu.st be 
controlled under section 111(d) are re- 
ferred to as "designated facilities.** 

On November 17. 1975 (40 FR 
53340), EPA Promulgated a new sub- 
part B to 40 CFR Part 60 establishing 
procedures and requirements for sub- 
mittal of State plans for control of 
designated pollutants from designated 
facilities under section 111(d), A sum- 
mary of subpart B and a discussion of 
the basic concepts underlying it 
appear in the preamble published in 
conned ion with its promulgation. In 
brief, subpart B provides that after a 
standard of performance applicable to 
emissions of a designated pollutant 
from new sources is promulgated, the 
Admin.strator will publish a draft 
guideline document containing infor- 
mation pertinent to the control of the 
same pollutant from designated (i.e.. 
existing) facilities. He wiU also publish 
a notice of availability of the draft 
guideline document and Invite com- 
ments on its contents. After consider- 
ation of th :se comments, the Adminis- 
trator win .:)ubllsh a final guideline 
document f-jr the pollutant in ques- 
tion, and the States will then have 
nine months to develop and submit 
plans for control of that pollutant 
from designated facilities. Within four 
months after the date for submission 
of plans, the Administrator will ap- 
prove or disapprove each plan (or por- 
tion thereofv If a State plan (or por- 
tion thereof: is disapproved, the Ad- 
ministrator uill promulgate a plan (or 
porrion thereof within six mont hs 
after th<- date for plan submission 
Thrsv and related provisions of sub- 
part B are baMcally patterned after 
.serlion 110 of the Act and 40 CFR 
Par* 51 'ooncernuiK adoption and sub- 
mittal of State implenuMr.ation platis 
uiKl<'r st'i*i!on 110' 

dist us.srd i:i \ hv prramblr tu sub 
par: H a di>tinetior^ is dra^n bel'^eft. 

c.'.iNt. or roi;(ribn;f to -tui.uii^'-nr.'T.t 
. f p- .M; ■ h»' \'.-\\ rrfr »■ r* 'i * a-- 

h« M'l -:«'d pni:iita!U> ■' -.irji 
i 'T u i.-c h ad'. ef N^' ts dii psblw 
hra. }.:r*e nn* b^-rw dfinon'^; rat «-<i 



(referred to at "welfare-related pollut- 
ants"). For health-related poUutanU. 
emission standards and compliance 
schedules in State plans must ordinari- 
ly be at least as stringent as the corre- 
spending emission guidelines and com- 
pliance times in EFA's guideline docu- 
ment^. As Provided In subpart B. 
States may apply less stringent re- 
QUlrements when economic consider- 
atloas or other factors, such as the re- 
maining useful life of a designated fa- 
cility, make such requirements signifi- 
cantly more reasonable. For welfare 
related pollutants. States may balance 
the emission guidelines, compliance 
times, and other information in EPA's 
guideline documents against other fac- 
tors of public concern In developing 
t lelr plans, as explained more fully in 
the preamble to subpart B and In the 
Introductory portion of each guideline 
document. Thus, the States have more 
flexibility In e.stabllshlng plans for 
welfare-related pollutants than is pro- 
vided for plans Involving pollutants 
that may affect public health. 

For reasons explained In the draft 
guideline document, the Administrator 
has determined that atmosp^heric TRS 
emissions in the kraft pulping indus- 
try may cause or contribute to endan- 
germent of the public welfare but that 
adverse effects on public health have 
not been demonstrated. As indicated 
above, this means that TRS emissions 
win be considered a welfare-related 
pollutant and the States will have 
greater flexibility In developing their 
plans than would be the case if public 
health might be affected. 
EMISSION GUIDELINES: The emis- 
sion guidelines and compliance times 
contained In the draft guideline docu- 
ment reflect the Administrator's Judg- 
ment on the degree of control attain- 
able with application of the best 
system of continuous emission reduc- 
tion (considering the cost, nonalr qual- 
ity health, environmental impacts, and 
energy requirements of such reduc- 
tion) that has been adequately demon- 
strated for existing facilities at kraft 
pulp mills. Including the time within 
which these systems can be purchased 
apd Installed. The emission guidelines 
Pi^esented in the document for control 
of TRS emissions from existing facili 
ties at kraft pulp mills are 5 parts per 
million (ppm) of TRS from digester 
systems. 5 ppm of TRS from muUiph*- 
effect evaporator s\stfms. 5 ppm of 
TRS from straight kraft rert)\ er> f ur^ 
nace systems design-^d for lou TRS 
emissions a he basi;; for tins design is 
defiiu^d m the guidelir do(urnri»tV 2u 
Pl>ni of TRS frt.m all t'lluT s^ra^Khl 
kraft recovery furnace vy.stems. 2.'> 
ppni of THS froni r r i^s- rt-ro-. rr\ fut 
liA.r '^\s!r!r.s. "Ju "t 'I H S fr- rn 

1 -V- k:!'. -.^:'-tr.. \ i-P^'^ TH^ 
f r iin 1 1;': !• n-.t" ' i'^ ' '^^ *' 

Th'-sf c.rKentra': a: !;ir«i.-- .ire all 
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emff^lcn fpUH^Une for the smelt difi* 
vMMng tauk 0 0084 K.ajii A TRS tu-r 
KT'OKnuiJ <• •>i'icK liauor r.oixi.^ 

..fu t » rt 'i .1.. o.n i'.visUJ-K' 'iia't tr. 
caf. var: >.\KJt :y .U^ptTuJuHi jp.j.« -airl: 
]*i< lon*. ."'i .* '.^^'t* Ji?in'.«it KM-. • (»Hi l)< r 
VnTirlitions. lark of BvnliftbU^ ntilitir.-i. 
.!{-lavs in t-t^uipment '•^riivcr. . ^lui iv^-. - 
/.II to (it^vrlop onBUHMTinji (taia. 
S\ihjecl to ihose '"on.suUTau'jn-. M;'" 
.»i;i>roximau» Mrnt\s UM-e-ssary to rt tn.. 
;it cxisiing facilitits ar»* 3d years lui 
'•.•.^nerv aimaces: 2 yrars for iU^f'M 
-rs, multiple fffeci rvaporaUjrs. sniflt 
dissolving tanks and londonsate «inp 
r»Ts; and 2 4 years tor limi' kilns, llu* 
rationale for the seleeiion of tht>se 
MiidcUncr., inrludinK pnnssion lest 



data and control technology, is^ dis^ 

.... ... .f- ^ . ; . . tJl ' ^- *• 

• -i*^r\ lon 1 1 J ' * I • • ■ 

• '•(;)! h'- A(*l. • ' * 

i -.i- j-'intielun- <1 »t*\irii -ni ' mv • ' 
.)re(M*o»*(l bv coiiMr.-.a'ii.n w i; .M>i'ri>- 
lilt r ailvisoj \ ( n]i:fn)t t rr* ii,f!**i>«*H 

ci.-nt exptMt.>>. and Krdt-rai tii'pa: iiMfiits 
Hial agennt's 

rnter(\st»'d persons an* \tn*ited to par- 
iiclpate in tin- (i»»\eiwpment of ihrse 
^{indflinr.s. The Administrator ^tL 
romes comments on all a.specU ^' the 



drufl Huidellne documert, n\cUKtii;B 
T^nrt »f>rhnolofxlcal Issues, t-ne 

^ . . • , . • ^ • } l>.e 0 i- 

• .,.,1 |)n I . J' ■ • ('.'•U' ' * i • 

: . . .v.u. H oi 40 ' ^ H ' T't (>0 

. ns li \)\ auu :uM'ai of tr.»* C lean .-vir 
{ y (• "414. V»i01(aM. 



; McU V't'bruary 10. 1978. 

TURBAKA Blum. 

(Kli Ooe. 1^ 4-? 94 Filed 2-22-78; 8:45 ami 
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TiMt 40— Prot*c1ion of Environmi^nt 

CHAPTf R I— ENVIRONMENTAL 
PXOTcCTION AGCNCY 

SUftCHAPTfR C-AIR ^tOCRAMS 

tFRL9?l 71 

PART 60^STANDA»D5 OF P5RF0RM- 
ANCE FOR NEW STATIONARY 
SOURCES 

Am«ndm«nt» to Kraft Pulp Mills 
Stondord ond Rof oronco Mothod 16 

AGi!*NL EnvUoruiifcutui rrotrrtu^n 
Agency < CPA) 

ACTION. Pinal rule. 

SUMMARY: Thui arUon amrncLs the 
standards of pfrformanre for Kraft 
pulp mtlls by adtliii?? a provision for 
determining romplianc** of :*ffet led fa- 
culties whlrh use a control system in- 
corporating a process other thnn com- 
bustion. Th\3 amendment Ls n<*cessary 
because the .stanMardii would place 
control system^s other than combu.s- 
tlon at a di.sadvanlaKe. The Intent of 
thia amendment is to remove any pre- 
cliision new and improved control 
systems. Thir* action a I. so am^»n'1s H^f 
erenre Method lb to In^ur** tti.iL the 
tesllniC procftlure i.s ctms'steni Nvlth 
the promulgaU-d slandard.>- 

EFFF:CTIVE date: A']»<'i.;t 7. 1978 

FOR r'tJRTHPIH lNK>KMATION 

c(:)NrA(T' 

Oort H <f(MHlwln. F'tip' mofi iSr:irui 
ards and l-inKinrfi iv^ Imvimim-.. Fii'vi 
ronrnrrital Ituleciion A^frnry. Kt- 
aearch Triangk Park. N.C 27711. 
telephone 919-541 -•^271. 

SWPIJCMKNT.^RY INFORMATION. 
StandardLb of pt^rformanre In , Kraft 
puJp mill.s wore promulKatr-^d on Febru- 
ary ::3. iy7r^ On Marrn 31. 1978. ihe 
National Co-;neil for Air and Stream 
nprovement fNCAiSl; request «*d Vxo 
chanj<es to th^^sf .sUmdarfls to prevrn:. 
their inUTpj ft ;il inn In a rn;ur;«'r 

mf"ni»N. lri»*t »'f ()r»\ lo ({.ui.'» llu' 
lxUf»nl t>l the -A .ui'i:iriL» 

In J t>0 '2H:U .i K I ). ( Ui' P»*' • » -i' r» i» 

lo Vthi'h "1 iiS iTmv.if>rr. rrj'i t 'jt- f<»r 
rcftMl w.ts ^p^•f l!Ir^l *I ht' ;j.in".sr of 
this '"i: uMM'>ri u a.* lo pr m .i ( un 
M.sN'nt biu.i>. f-jf ih** del frrr^.n I* p ff 
TH.s riMv.uwis im p»ririi' 
lect'-d I f« aiLsr ii rrl »»•»:»•. I tv.. 

V--1 \ '!• ii ( ofu i'ntr d.i'ft . » f.i. j;. 

tiro c 4il,lt ..I.ril th«- i" A .',\U-t:: »it 

atlon Thr N<"ASI ;>tMnit*d out tu»Af»v 



er, that the ;,^ir'(:;#lcallon of a lO-p^r* 

Cfnt T\ \* \ on .ource.s *Ah;c?i 

rh.u 1 \ / . u ;il ! V i f)r; ^l:f i h.x^er !• vrbi 

T>)< p».ruuse of an em. oion st.ii:ija;ii 
io lo f»»iiiie I.jI^x] eniiv.K-ri.v to liu* ;*t' 
mi>-.p^»Tr If an enw.ViM r. O/ntro; 'n h- 
nique .sfiould »-vol.e v. h < h i.s cawiiDle 
of acNs^'VinK I h** sanH* rnd.ws n\ir of 
<»rni. s'ou.s from a uiven lability, use of 
thai tuhn.quc ohould be permilled. 
The st.ir.Jard. ao v^rittpn, could have 
Inhibited the development of new 
t<»chnoioKJo.s. J misLnlerpreted. There- 
forp. CO r^'move th;s poif*ntial source of 
miiiinterpretation. 5 60.283(a)(l)fv) ha^ 
been added to the standard to provide 
lor correction to untreated oxygen 
conceiu ration In the ca.se of brown 
stock wa^shers. black liquor oxidation 
s>.stems. or dl;;e<;ter systetn.>. 

nOTHENCE MrrHoD 16 

The second point of concern to the 
NC.\iiI WSLS the cQrrection factor lo be 
applied for sampling system losses 
contained in the po.^t test procedures 
(paraKraph 10 1) of metiuxl 16. The 
specif'C conot rn uas the speciiicatlon 
that a test Kas be introduced at the be* 
ginning,' of the probe to determine 
sample ]i),*>s :n the sampling: train The 
data u:i:^^' for th.* prr^n.MiK'aied stand 
a: -1 (•nn..ulpr**d ,;f:lv 'T'l-is lf'.\'',es in the 
.sn.mph:m tra.n. not th" p'-obe or probe 
filter. Ctn*..-:r(iuently, th»» post-tebt pro- 
cedur'**. are ami-nded to require the .-^e- 
temin:ttif>n of !%ampling tram losses 
by lntrnflMr;nK th»* te.si gxs after the 
prohf* filtrr cunM/.ent vtith th»^ data 
t)a-se support inj4 the piomultiated 
btand.'ir'i* 

M tS.*rJ.l.A.Nv.()U.H 

The AdminLstrator finds that good 
caus^ eniisLs for f-nUt'ng prl )r notlco 
and public comji.ent on tnese amend- 
merits arid for nakinx them Immedi* 
at.eh* effeciiv™ brraii^^f they simply 
c lan'v th" t \ .^;in.< reijulaiiorL"? and 
aiipose no additional substantive re- 
iVJirvrnt-titr* 

Section 317 of the Clean Air Act re- 
Ou»n*s ttu* AdnuriLslratcjr to prepare an 
f'f 'WHifi.if irTi[ ;u L avsrv^mmt lor r^vl- 
•,:nn-. 'I'-t.'rmn f.v ttie A.lminj.sUator 
t<^ Miti .1 .Lilt iru r lh»' Cosl-S a*v^.r>- 
n.ili'd 111 * r)[ J* ri ! r\;ne;!dfn^T*. t3 

v»>fji;ht h.ivr .\ t:i'i'.!ix:i*»I'' i up.u t on con 
.t:rnr f .fi ... i h*- Vdin '.i. ' r itt^r h;i:, d^ 
t»Tnu.i'-<l \:\:\* t^** pr..;<'.fil amfr;d 

rt'tjui rt- p r ••f> -. » :it i')n ot .in e< f trrom.c 
imn.n • L. . rsu : * 

n iirA .\'h:u..t I. 11^ /.X 

I »• '.1 \ • M ( '.'s » . f , 

.1-. ■/ . '{.A.' 

I' 11 1 '.«) ..f . 'i r I. • i: Wi of th*^ 



I In $60 283. paragraph (a)un te 

anu'fjil.' ! ({) rrM.i a:. foilrrA'i 

<i HO SiiitkI.ikI f.ir Idf.il r«M|uM i) ^ulhif 

iTUs. 



(a^ * • • 
f ] 1 ♦ • • 

•V) Tl«- KVir fr^^rn th»' diKester 
sy:stem, brov^n .stork wau^her system, 
condensate stripper system, or black 
l.qucr o\. rial. on system are controlled 
by a means other than combustion. In 
this caiK-. these s>stetn.''j shall not dis- 
charge any gose.s lo the atmosphere 
which Contain TRi5 m exce.vi of 5 ppm 
by vuiuire on a <iry basi:i. c^]ir<:tcd to 
the actual oxygen content of the un- 
treated ga.s stream 

• • f) • • 

2. In appendix A, parEKrat:h 10.1 of 
method 16 is amended to read as fol- 
lows: 

• « • # * 

10 Potrr PROiTDUWlJS 

10 1 Sample line loss A known concpo- 
iratlon ot hvdro»(tn sulf.de At it\f level of 
the appiicaole »Undard. ± 20 ocroeot. mint 
be IntrodiiCed Into the san^lij*^ system in 
sufficient quan'jtie:» in oi^ure that there k) 
an txcn>!i oi sample i^hirh muAt be vent«d 
:o the aUYiasph»»re. Thr bHxnpn: must in- 
troduced immtKliitPly after the p.-obe and 
fUter and transported ihrouiih irif remam- 
dcr of the sarnpUnn sv!>t4»m »o i^.e r.i-uure 
mmt syjyiem in ihe n^irnal maruuT The re- 
sultlnt nir:..siir^i mu rni i At k-m i*iould be 
compare^l lo thr knoAn saiu** to determine 
the k*m'^l nK ''ysu^m Uvvs 

Foi «B/Ti»)tirtK lo.ssTN gjfHter thaji per 
cfnl In A saxr;^!* run. ih» sam;^le la not 
to be u»^d *hen determining the Arnhmetic 
me»n of the pe^ormajT^e tetit. For sa.T.pllng 
locMn of CV-20 percent, the sairpir cor>cen 
trauor u^ist be correctrKl by dividir.i the 
sample roncentrait;on by the fraciion of re- 
covery' The fraction of recove-y v> ei;uftJ to, 
one rairus the ratio of thp measured con- 
ceptrat. * to Lhe knn*Ti conrrnLfrtUon of 
hydrof^n sul/lde In th*' s^imp-e l^e los5 pro 
c<Hji:re II'.** known ^v. s<i:7:;Me ma\ be gen 
•ruled 115 p^rtr.eA; •.j*it'\ Ai*,#»rTiaLive 
ly cyUn»ii*n, ol hytlrnw f *: si'.l.tl- ;:..xed ii\ 
air may r>' used pr"\iwi-; ':.''\ a:»» era. '-fiijie 
to peri* ii. T luVs (I * ".A.! pr<»»r5; 

pr. . : ro^t.io a )t ■• •* . '>■'.. f.jf dr 
Ir rm J ' ,. M I er»» a • l»'» ^ • ; • * • uhog 



::: :• i- f * «■ i:. -^.i A( : aj» ;u:.»i.<i^t: 

(h'K IK> »R ^1801 Pi .-U ft 4 Vi 8 4> lUn I 
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TItIt 40— #rot«ctton of Envlranmont 

CHAPTER l-HMVIRONMCNTAL 
PROncnON AOCNCY 

[FRL 764M5I 

PART 60~8TArWAin8 OP PERFORM- 
ANCE FOR NEW STATtONARV SOURCES 

Revision to Referenco Mothods IS 

AGENCY ; EovlronmenUil Piotection 
Agency. 

ACmONi Pinal Rule. 

SUMMARY: This rule revises Reference 
Methods 1 through 8, the detailed re- 
quirements used to measure emissions 
from affected facilities to determine 
whether they are in compliance with a 
standard of performance. The methods 
were originally prcmiulpited I>>cember 
23, 1971, and since that time several re- 
visions became apparent which would 
clarify, correct and Improve the meth- 
ods. These revisions make the methods 
easier to use, and improve their accuracy 
and reliability. 

EFFECTIVE DATE: September 19, 1977. 

ADDRESSES: Copies of the comment 
letters are available for public inspection 
and ccn^ylng at the U.S. Environmental 
ProtPctlCKi Agency, Public Information 
Reference Unit (EPA Library), Room 
2922. 401 M Street, S.W.. Washington, 
D.C. 20460. A simimary of the conunents 
and EPA*s responses may be obtained 
upon written request from the KPA Pub- 
lic Information Center (PM-215), 401 
M Street, S.W., Washington, D.C. 20460 
(specify "Public Comment Summary: 
Revisions to Reference Methods 1-B in 
Appendix A of Standards of Performance 
for New Statlonsay Sources"), 

FOR FURTHER INFORMATION CON- 
TACT: 

Don R. Goodwin, Emission Standards 
and Engineering Division, Environ- 
mental Protection Agency. Research 
Triangle Park, North Carolina 27711, 
telephone No. 9 19--54 1-5271. 

SUPPLEMENTARY INFORMATION: 
The amendments were proposed on June 
8, 1976 (40 FR 23060) . A total of 55 com- 
ment letters were received during the 
comment period — 34 from industry. 15 
from governmental agencies, and 6 from 
ot^her Interested parties. They contained 
numerous suggestions wliich were incor- 
porated in the final revisions. 

Changes common to all eight of the 
reference methods are: ( 1 ) the clarifica- 
tion of procedures and equipment spec- 
iflcatlons resulting from the commeiitf;. 
(2^ the addition of guidelines for al- 
ternative procedures and equipment to 
make prior approval of the Administra- 
tor unnecessary aiid <3) the addition of 
an introduction to each reference m' th- 
od dlscu^ssing the general use o' the 
method and dellneaung the prrn'odurr 
lor using alternative mothods and o(juip- 
ment 

S|)e( in<^ ()ianKOs to the nu*!h(Kl.- ari* 
Mkthod 1 

1 The provi.sioi! for Ujo u; o of uiore 
Uiaii two Irawrse dlanicu*n« u lu n '.jH t • 



lAed by the Administrator, has been 
deleted* if one traverse diameter is in a 
plana comalnlng ttia greatwl expected 

concentration variation, the Intended 
purpose of the deleted paragraph will be 
fulflUed. 

2. Based on recent data from Fluidyne 
(Particulate Sampling Strategies for 
Large Power Plants Including Nonuni- 
form Flow, EPA-600/2-'76-170» June 
1976) and Entropy Environmentalists 
(Determination of the Optimum Niimber 
of Traverse Points: An Analysis of 
Method 1 Criteria (draft), Contract No. 
68-01-^172) , the number of traverse 
points for velocity measurements has 
been reduced and the 2:1 length to width 
ratio reqiUrement for cross-sectional lay- 
out of rectangular ducts has been re- 
placed by a '^balanced matrix" scheme. 

3. Guidelines for sampling in stacks 
contalnhig cyclonic flow and stacks 
smaller than about 0.31 meter in diam* 
eter or 0.071 m* in cross-sectional area 
will be published at a later date. 

4. Clarification has been made as to 
when a check for cyclonic flow is neces- 
sary; also, the vsuggested procedure for 
determination of unacceptable flow con- 
ditions has been revised. 

Method 2 

h The calibration of certain pilot tubes 
has been made optional. Appropriate con- 
struction and application guidelines have 
been included. 

2. A detailed calibration procedure for 
temperature gauges has been included. 

3. A leak check procedure for pitot 
lines has been included. 

Method 3 

1. The applicablility of the method has 
been confined to fossil-fuel combustion 
processes and to other processes where it 
has oeen determined that components 
other than Oa, COt, CO, and N, are not 
present in concentrations sufficient to 
affect the final results. 

2. Based on recent research Informa 
tlon (Particulate Sampling Strategies for 
Large Power Plants Including Nonuni- 
form Flow, EPA-600/2~7o-170. Junr 
1976), the requirement for proi>ortlonal 
sampling has been dropped and repla('e<i 
with the requirement for coii^stAnt rate 
.sampling. ProiK)rtional and con.'^Uuit rate 
sampling have been found U) givo essen- 
tially the same result. 

3. The "three consecutive" require- 
ment has been replaced by "any thi*ee'" 
for the determination of molecular 
welgiit. CO, and Os. 

4. The equation for exce.'^.s air ha.s beon 
revised to account for the presence of CO. 

5. A clearer distinction has been made 
between molecular weight drtorniinattoti 
and emission rate correction t actor 
det<^rminatlon. 

6. Single point. lntrK!;it''il N;tnij>lwi« 
ha.s been iiu-ludeiJ. 

Mkihod 4 

1. TViP saniplinK imu^ of I hour h:is 
been chunRed to a total sHnipunj» Umo 
wlilch v A span tlie length of lime the 
poiaitriit emission rate Is brhiK (i t<T- 
inlne<l or Mn'h tnno s)>tH in .m 

ftppiicabU* ^n))part of .^tandatd.s 



2. The requirement for proportional 
sampling has been dropped ^Al^Sli^* 
with (he requirement (or oonstSot rate 
sampling. 

3. The leak check before the test run 
has been made optional; the leak check 
after the run remains mandatory. 

Method 5 

1. Tlxe following alternatives have 
been included in the method: 

a. The use of metal probe liners. 

b. The use of other materials of con- 
struction for Alter headers and Probe 
liner parts. 

c. The use of polyethylene wash bot- 
tles and sample storage containers. 

d. The use of desiccants other than 
silica gel or calcium sulfate, when 
appropriate. 

e. The use of stopcock grease other 
than silicone grease, when appropriate. 

f . The drying of filters and probe-fUter 
catches at elevated temperatures, when 
appropriate. 

g. The combining of the filter and 
probe washes into one container. 

2. The leak ch'H^k prior to a test nm 
has been made optlcmal. The post- test 
leak check remains mandatory. A meth- 
od for correcting sample volume for ex- 
cessive leakage rates has been included. 

3. Detailed leak check and calibration 
procedures for the metering .system have 
been included. 

Method 6 

1. Possible interfering agents of the 
method have been delineate. 

2. The options of: <a) using a Method 
8 implnger system, or (b) determining 
SOt simultaneously with particulate 
matter, have been included in the 
method. 

3. Based on recent research data, the 
requirement for proportional sampling 
has been dropped and replaced with the 
requirement for cor^tant rate sampling. 

4. Testa have shown that Isopropanol 
obtained from comntercial sources oc- 
casionally has peroxide impurities that 
will cause erroneously low SO, measure- 
ments. Therefore, a test for detertinR 
peroxides in isopropanol has been In- 
cluded In the method. 

f>. The leak check before the test run 
has been made optional; the leak cheik 
after the run remains mandatory. 

6. A detaik»d calibration prorediire for 
the meterhiR .system ha.^ been in? ludrti 
In the method. 

Mt:TH(>n 7 

1 For variable wave lon^^th .spo<»n)- 
pholonictors. a .^canning pr()ro<inio for 
(It'tprnunlnK the iK>int of niaxlmnin a>)- 
.^orhaiK C h:t^ been inroi por;it(\i a.-. :in 
(»pU')n. 

1 KMtvvv n int«M ftTum c 'WMp 'liii'l ?'.\" 
hf'f'ii hstp(i to u\«)i{J ni!.-«:tpplu at loll n! 
t lif tnettuKi 

?. Th^} drtcrnhn.it n>n of fntf'r:ihl»' 
pai tU ulate matter unrliuluiK a* !d ini -i • 
: irnult ;iiu*f>uslv uith SO aTi l S< ) h.i.- 
biH'Vi allow(Hl uhoro apphi abh' 

:\ Sln<-e (K ca^s:;l(>nally some < o?}iim» ! 
cLillv nxailabh^ ijuant it uv^ of i-.oj" .)p.u)«>l 
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have peroxide Impurlttai that wm cause 

emmeously high sulfuric acid mist meas- 

PMiol hft* been indudcd te 

4. Hie graviinetrlc technlQue for mois- 
ture content (rather than volumetric) 
has been specified bccaui« » "Jl'^^j;^^^^ 
isopropyl alcohol and water will have a 
volume less than the sum of the volumes 
of its content. 

6. A closer correspondence has peen 
made between similar parts of Methods 
8 and 5. 

Miscellaneous 

Several commenters questioned the 
meaning of the term ''subject to the ap- 
proval of the Administrator" In relation 
to using alternate test methods and pro- 
cedures. As defined in 5 60,2 of subpart 
A, the •^Administrator*' Includes any au- 
thwlzed representative of the Adminis- 
trator of the Environmental Protection 
Agency. Authorized representatives are 
EPA officials in EPA RegloncQ Offices or 
State, local, and regional governmental 
officials who have been delegated the re- 
sponslbiUty of enf orchig regulations un- 
der 40 C?PR eo. These officials in consulta- 
tion with other staflf members familiar 
with technical aspects of source testing 
will render declsloris regarding accept- 
able alternate test procedures. 

In accordance with section 117 of the 
Act, pubUcation of these methods was 
preceded by consultation with appropri- 
ate advisory committees. Independent 
experts, and Federal departments and 
agencies. 

(Sees. in. 114 and 301(a) of tlie Clean Air 
Act, BOC. 4(a) of Pub. U No. 91-604, 84 Stat. 
X6S3; MK3. 4(a) of Pub. U No. 91-004. S4 Stat. 
leST; a^c. a of Pub. L. No. 0O-14S. 81 Stat. 504 
|42 ITB.C. 1867c-6» 18670-9, l857g(a)l.) 

yiore —The Knvlronmental Protection 
Agency naa determined that this document 
does not contain a major proposal rcqulrmg 
preparation of an Economic Impact Analysia 
tmder Executlre Orders 11821 and 11949 and 
OMB Circular A -107. 

Dated: August 10, 1977. 

Douglas M. Costle. 

Admiyiiatrator, 

Part 60 of Chapter I of Title 40 of the 
Code of Federal Reerulatioius Is amended 
by revising Methods 1 through 8 of Ap- 
pendix A— Reference Metliods as 
follows : 

AM } ^ r.n A l.'t i ^ > » »• 

T*.' r. fi-ri ii'M- ih> tln.tU n thi'i Hpiwiuiu ftri- n ir- •'. to 
M. ( I'l rfiTiMrtii.-. •li-.t^J) aiiii I6(M1 U iiin|»li»wi. «^ 

\Mili MAiiilHr«!»« ami M v^nii-naiu'i^ RNiuiriMiipi»u*> of 4<i 
I KH Purl Hul'iirtrt A MlHtn ral Provisiouni. HihmiIu- 
iiM-Q lif thisr p'ftriiit'^ u>*«lh(»iis ar#* tliRfrliHMl jn tJi** 
^ihiiilunlM of piTfonniiii' I* coi»UutHMi in Ihf .•oiUpart^, 
l.rj'niiMitK HM Sul»piui 1^ ^ , , 

VHirhiM pa. i» «iun'li\r'i of t^^rfornmnrr. a •»ni ii»in tilii»a 
*' M. Jlii.«l.'< BtHi rr«h I liurftw" is provitit^i U» 
HliMitity ihp to.-a »l>plirahlp Ui Uln fttrllily 

Mil.jiM l tit \]\v rnjtiMM ti\»* .-iJiiulard M»<i i-M idi'iUify ftny 
sjWM '.fvl insUtn*U0HS or i«»htiiti"tis to ho fullowptl v>h* n 
ftPpUiiiR a mrtl»o«l to tl»o re*p<»otivi* fftrilily. Su. h In. 
sirm-iions Uor pxainplp. KStahlWi 8ftin)»HtiK thUk^ VdI 
ipuri or tpfui>«'rfttur**s» arr to bo iih+mI puhnr iu aililttinn 
lo orW«i astjlisiiuiip for pn>*MHiur«^ jm arnfrreiin^ im tlK"!. 
Himilarlv. fi»r ^oiirii-s wiNjcot U» otitJ«wlnn njoi»U(»rni»' 
r^'uulri ti'ipnt'i. sjhm illr liiMMh tl.M jM-nuh.i' u tn hm\ 

f.f a rpfi-rrli.-. in. i ! .n. i.r..\ .iP *1 t» • p.w! "i .1. 

API- J.'I'i 



M*i^^oiienj«nt or deni»J ol their aprfioabllUy to 
•StifMi/&daM bDt MibiMt to ataiMUrdi of performance. 

Th* anorowh followfd In th» fnrroulation ot thn ref 
trriio^ m«tod» Involves sp^nlfloatjons f..r equlpmcK . 

PsU hllaliMl Mi)Bt of tho methods ilPH-nlwd hci.-m. 

i'nuXm am^ "t.lv i> f. w .uftli.ul:. in tl,.s u,,,..-M.l., r-ly 
till prrft»rinan«'<* t nirriu. 

Minor rlmncfs in 11,0 n.f, rn,rr mriluKls shouM 
M..rr.^ihly Br^. t tno valuiity^.f tho n;sun^^^ ^i'.l^.^.J! 



rxist Sir iiuiMMi « provlto aiiUmrUy for thP AcJ^^^^ 
ti.r to .<pnMfy or aripn.ve (O equivalent n.rttjods. (Ji 



•toarly u.ul^rslood that untr.s.s otherwiso ;t»«*'<» 
Midi mot hods atid chanRr.s nuist J^^.*' 

drvlatio i fr^^^^^^ rrfmnce mo(h«)ds without obtaitiinR 
prior api™ d^^^ 80 at the risk of f^b^'nxivni dwain 
pTDval and rct«'siinf^ with approved methods. 

Within the refmnee methods, eertain specific ennln- 
niHit or procedures are reeoanieed as beitm Ptable 
or potent ially wef^nUble and are fipeciflcilly 
m {he n.Ptl)(ils. Tte itetns identified « Bf/^JP^^'Z/f^,^;.'- 
tions may be used without approval but m'wl l>e idei.ti- 
fled in tJe t«»t report. The polenilally tpprovab e oiv- 
tions •re cited aT ''subjeot to the approval of the 
Administrator^ or a^ -or 'equivalent." Buch po^iulal y 
ipprovable techniques or alternatives may ^ "JJd at the 
discretion of the owner without orior M)pr<)val J owey er 
detailed descriptions lor applying llie.«J P<>^^"i f " ^ 
approval.le techniques or aJtematives are not P^vidnl 
in ihe^f.rence mSthods. Aljo. the po «ntiaUy »PProv- 
able options we not "^^^^^^^ly icwpUWe *n alU^^^^^^ 
tions. Therefore, an owner electing to ^ee jmcli jk^ 
tenUallv approvable techn quos or alternatives is re- 
l^StSwe {^ri (^^ the toohnique.s or 

Katives are in fact •PP"<*We wd areproueH^ 
Tinted; (2) lnolt»dln« a wrtUon J",.!^* 
illem»tive method in the test report (the written 
method mnat be cl«ar tad miurt be capable of being per- 
SSLm ^thiut addlUonal Instmction, »nd «ie d«i?ree 
ofStail should be similar to the detaUcontainw^^in the 

feference methods); and ^3) P'^jj^'If; "Lidi^?^ thi 
impporting daU necessary to •*iow,^e vaU^ty or tn© 
alurnatlve in the partictilar wH<»tlon. F^lure 
meet these requirements ean reemU in the Adnilnls- 
trator's disapproval of the alteriialivo. 
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1 runtxi»U <ind ApplwxbiUfy 

\ \ rrinriplf. To aid la the repr. «i. |;iHii\ . v. . .v>ur. 
uiriit of polluunt euiisHioiifl and/or total voluiuPtriL Uow 
rate fronVa stationary sour<>e. •.J^*-^^''*^'"**"^,!'^^'*,^^^^';! 
thP eflluPMt stream Is flowing n a known f « 
^. krti-d. and the cross-section of the stack is <hvulod into 
ft ninnlw of equal areas. A traveise jwnit is th. ii Ux-atoil 
withUj r»ch of these equal arfw«. , , . n, .x- 

1.2 Applicability. This niethnd is apph.-a -It* to fin a - 
iPR gait streAittS In dueu. ftaeks. and Wnv^. '\ 1"^ 'j^'^ 
rnnnot be iwd When: U) flow la cyrlonu- or ; I't^ tfi'^. 
.^iH'tion 2.4). U) a stack is smaller thnri af.ont 0..iO nietrr 
(12 in.) in diametiT. or 0.071 ni» 1113 ln.»: in ^"••^''•f;;'* 
lional ari.a. or 13) XXw meastirenieiit site im h'ss rlian wo 
s'jM'k rr duet diameters dowiwtreani or U'x^ limn a \m\ 
diameter uiJrttriHUi from k flow diHttirh»n. 

'I'hi- rrfpjirrnu-nt.s <if this niplhod imi'-': t" i«n««!.lnri 
U'for**r(Mi.strUrtionefaiirW facilil> fn»n. whu h otniMions 
will 1)0 mi^asiirpd: failure to do so may ri-.piirf Ki!P«i. iiiirnt 
HiteratuniB to the slack or drvmCioii fr(.m t in stamlard 
procwliire. Cusw* mvolvluR varmMif lur *^nN}" i ti» ftp^ 
provHl hy ihn Al|t1lml^! i :»»''r. 1 - t \ f..i - . u 
Propt titiii Ak'i * 

ri Svl.Hii.ni .\I..v^iM.n.M.t >i' J-".ui.p..i.iJ or 
\. i<>i »t> iin-a-un m.-i,t i.s pi'ifi.riiM »i vA w s.l/* \wwU^(X ai 
It iwt oikht sl4n*k Of ihii'i diunn'ti rs iIom iiHin tvui and two 
{Imiii.-irrii uiwir.«niu from hmv How disiiirLaii'**- such as 
a U-iid i xptUi^t'Mi, or o<iiiira« ii«»ii in the sia* or from h 
MMlile flame. If m«<-*-.H>ttry. an alt.'rrmtive hioanon niay 
be w Uvteil, at ft p«)sition at Iwi.'^t two staek or duct di 
awwt.irs ,l.iwnMr*-atn Hint a half dlHim-ti r ii^Jt^trpaiii from 
any fl«w disturhaiice. For a n-. lantmlar cro<<J« seotlon. 

equivhlMit itirtMu-P r < nhall he nih'«i1fti«l fr<iin Uie 
follow. i.K p«iimtniit. t«> li. I. rtii li t 'ip«.it.n't. ati(} 
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DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A) 

1.0 1.5 2.0 



★ FROM POINT OF ANY TYPE OF 
DISTURBANCE (BEND, EXPANSION, CONTRACTION, ETC.) 
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3 4 5 6 7 8 9 

DUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE*(DISTANCE B) 

Figure 1-1. Minimum number of traverse points for particulate traverses. 

vAhiTi* / li iifiili ami n NN iMlii. 

L' 2 Dctt'imniitiK Niuiil'i-r • f Ttavi-rM* I'.miiI>. 

J.*J 1 I'ariiculaio Travprx'^. V\ Inxri ilm i'l^lii iniil 
tw(>->'liii!iift«»r('rii(»rinrjcari ljiMin»t, rim tnlniimun tjuup-i-r 
nf travorso iKiitits shall h(^- tJ) iwrlvo, for iMn-ular **r 
icc*fnn;^ulur slnoks with iJtaUittrrs mi' (Miutvali-nt 
ann'liTD Kr.jit»»r than n fU uit ttT rJ4 in.); (2> rjuht, f:)r 
« irinlur Marks \Mih dtati.i n rs l»»'t\*riMi n.:{() urni tini 
ini'ifT 1 12 )i\ i!i \ I'M uiiii*. fur ri'iMnu^Milnr si'n*k>. wiih 
<* ]UiMtli tit iluiinctris lH>t \\ I t-It n.:tu :itiii II. r>l tin-M-r \1J J( 
III 

U tii'M ihi' t iL'hl Udii t w>i •Ii:iiii> t( r >'ti!i i l>>ri i- |iiii<>! t>n 
(lit- iiiiiuii:Uiii ii<tiMl'»r <if li.i\t >^>- |.<iii>ts 1^ (1. t. i - 

•HUM li ff'iJIl hiUtin» 1 1. hrfnii' M'f. riit.^r to IIh- (^'hlr, 

i \. r, ilrii«riiiiin» th«« lii him f- finMi l hr cliw^'U hm-i^ 
U'.'iin-i.t -iti* to t hi' III ]iri>-t iip-tn aiit uinl tl'iw n^tri-ani 

«|» Hl'I »':.■■ -. UIi'l iliMltl' I u h ill-l;i'i'-.* I *, I'JI- -J.'l k 

'l.'irjM i' r iir "'iniN Jilivil ilnii,. ii-r, in m i (njn' ili-' 
ill ID 1 1 I III- i»f I lii» iitii'il..j > f ill JIM .Iruijt'ii-i ■ 

ili'U I (I'liiit Itniu I'lWiiM^ 1 1 till* nii'iiintiiii iiiiiulM-r uf 
n:ivi'»M' iwiiiif- tint ii»»i'-|'ii|,iU I' \n llip inii-:!"" ..t 
iliii'l »li:nn« ii'r> iipsi rj'aiii m •! 2' \u tin* i.wnJMr >■( 

{liaiMi l>-|>> <iM\^ livtirtitn. Si li t t t]l>> ]|ti:'iiT lif tiil> IW'i 

tMi i III I] 111 miiiilii i s n| I rri\ . » -m I'H 'M ^, i-f 'i >, ir.v;» r vuln-'. 
-t» til It fur • iriMilur >'ai k- thi' i iiii-l'i ' :i i: ^ 
n-.'l f'-r ri-. ni'.^'Ukir f k ■ f r • • • i • ■■! 

vtpiW I- 11 I I ) 
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OUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A) 
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Figure 1-2. Minimum number of traverse points for velocity (nonparticulate) traverses. 



" ' VcUvity iNdii l^irliculatp) TraviTao^. When 
vt'liM-Tt V or voliiiiicirit' now ralo Is to br (i<;1.Tniin^<l (lyit 
,„.i tmrti. tn.iU' iimltt'D. thi. stvnippnK-odiiroM thnlfnr 
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IIILiS AND tlGUUTIONS 



TflAVERSE 

1 
2 
3 
4 
5 
6 



DISTANCE* 
% o< diimttar 



4.4 

14.7 

29. S 
70.5 
8S.3 




Figure V3. Example showing circular stack cross section divided into 
12 equal areas, with location of traverse points indicated. 



Q) In it«r^ having tAnfuitUl \uU^U or otlmr durt con- 
fWMloM wUeh imd to tndnc« swlrHni; in th(\M 
(nfUncM, tlM prmnct or AbsenM of cjrcionte Oow ftt 
tbf avnpunv loftUon must bo deUurmlned. TIm toUowtng 

UctinlQildS are ACi^ptAble for thta det^rinlnaUan. 
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Figure 1 4. Cxample showing rectangular stack cross 
stH tion divided into 12 equal area$» with a traverse 
point al ccnirofd ot each area. 



Table ^ 2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 
(Percent of stack diameter from inside wall to traverse point) 



Traverse 

number 
on a 



Number of traverse points on a diameter 
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8 


10 


12 


14 


16 


18 


20 


22 
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14.6 


6.7 


4.4 


3.2 


2.5 


2.T 


1.8 


1.6 


1.4 


1.3 


1.1 


1.1 


2 


85.4 


25.0 


14.6 


10,5 


8.2 


6.7 


5.7 
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4.4 


3.9 


3.5 


2.Z 


3 
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2 1 2 Rtaikn With n;iimrh»r«i Kqiial l«»«ir l.tv<s Tli.-in 
0^1 rn {'lA in ) Knlluw llu» prixnlwre in Si^ V .11!, 
noting only thai any "h'Imi'^IimI" |m>1iiU slwujld bts 
n^o<*At4vi uway from Iho slai « walU U) (1 ) a ilislanor of 
1.3 cni m I. or (IM » illsian« <* pqnal U) Iho ui.y.z.le 

liwldc dlHni»»U»r. whii lu»Vf»r is ItvrKi-r 

2.3 2 Kiv laitHMlar siiv, k> l)rli»rMilno the nnnibor 
of travf»r.*o I«»lllt.^ H5 oxplHimvl in ."^t** lion^ '2 \ nuA 7 J ot 
thu nifllKxi From Tabl*» I 1. dt't^irtnirw thi» uni) ■ n>»- 
fiffiimtnm Pivido Iho Slat k 1 r^'^'o* sim ti-ui inin as tnnny 
equal riM ta^ignlar eloitiiMitol ait^as tis travrt.'to t< >inus. 



an'l tli«Mi 1"K fid' a tiHvi-rso {>i'i"l al On' < o^^\\<<\•\ tit v\v h 
iHliial ari*a at ' oKliri'f. tii llu' »*x*4Wi|»l«' m Kii; I 1 

T\\c Mtiiatioii of iravfpii* itmnf.s Ih^mv. 1'K» ■ I ..m- h» Hn^ 
sta> k wal)^ ia not px;hm'14m1 u> atiso wtih t^nt: il-ir 
Htat kn If Ihi^ prohleiii shniiM iwi»r tiM^». ih«* .\«lii.lnis 
LraTnr ttiiisl l>o i*otila( t<*{l for rfsijluijun i>( ilw* titaihi 

2 4 \ nriUcallon of AhH**n. o nf < 'y. h^uu f \i, t ,.wt 
sUvittttiary ^initrra, tlio (iir«-iliMn <»f sIju k \iM ti-iw tn 
K'<v4*iih!illy jinmlli'l If) Ui»» ^^ta- k \%u'N H-irtt-v.-r. 
cyi lMiiii- ihiw t'lay o\Nt 1 1 ■ afl- r «i- h if, h ■ v- J i' 
and iiirrtitil dfiULsliT.-* fullovur.f; \«iilini •> Mi'-l-i'i ■>, or 



I>«^vel and wro ilio manoinpter. (\mn^cl ft Typ<» 8 
pitol lubo 10 ih© inanonipfpr. Tasitlon tho Typ« 8 pilot 
iiiixi al (»u;l» travfr.s<) {Miint, in siicvoivtion, 90 thai ttie 
plance of iho faco oponlnjc.s of tho pltol tube are porpeudic- 
ular lo Ihf stack c^oa8^"^^ct^onal pUne: when the Type S 
pilot luDt In In this posiUon, It Is at *'0*' refwrenoe." Nolo 
iht dlffereruial pressure (Ap) ron<llng at e^h travor.H« 
ix)iau U a null {lero) pilot rcadinR is obtained At 0" 
rwfrrenoe iti a given iraver.<te point, an aoteptabli How 
condition eiistt ai that point. !f Lbe pitot reading ie riot 
tero at 0* reforvnoe, rotate the pilot lulra (tip to ±^ yaw 
angle), until auuUreadlnff iaobtainod. Carefully dotermi no 
and record ihe vulue or the rotation angle (a) to the 
Dearest degroe. Afier the null lechniane has been applied 
at each truvrso point, calculate the average of iha abs<>* 
lute values of a, assign a values of 0** to tnoso points for 
whloli no rotation waarefiulrcd, and Include thest> In (he 
ovornll uvorage, If the average value of a is greater thnn 
10"' the overall flow condition In the slack Is unacceptable 
and alternullve methodol()gy, sultloct to the approval of 
tho Adnilnlstrotor, nm.st l>e usod lo (Kirfurm accurate 
sample and velovily Iruvorsea. 
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31 rv. Ttt.'^k 7. 

MKTIMI) 2 I)BTKUMI.S\TI'»N of ST*rK (M.HN'lM'UirV 
AM) Vul.t'MKTUIC Kt.OW UaTK ('\ > TK S I'lTMT I 1 i«h) 

1. }*xxnr\\ilr and Aj^phcahUUy 

1! I'rijici |iIp. 'I'M" avi u^'o jfa< \il»»<i!y in u J i. k \< 
diMrntMiii'd funii llir d-ti'-il \ nod fi«'iii iih-h- iHi-n i ni 
(ff th" avr'*;i^'r vohx-iJ y hi-ad wjtli tx I'M'*- > i.'^lau -^ U* 
or rt'ViTM" ivpoi pitol liihc. 

1 'J Api»lii ftlM!i! y . Till'' ni'Mlniil is appltt aMi* f'«r 
>iiivi -tin HhMil oftfip ivVrruK" Vidortli i»f :i J'.rt'» •!r«'»iin nn-l 
for (ttiaiiMf) ttiK lias liow. 

Thi ■ pu>i iMltifo I-. iinj ai'pli' J*I'I'' oiiMi'^nri ijiiMii -i'l'^ 
\^!tirh ftlil lf> niiMM tJli* rt»t«'tia "f .\l« tl«'>'l I. Sri llm. •.' 1. 
Al »>, iliM tiM'llmd t-aioioi 1m« i»mm} fur ijint-t on-a nii ininl 
in r \ 1 liHur m ithtiJJ >oi^ '^trmliiN. .<tM t:"i. .* \ *A Mrlli -l 
1 ImW lo <lrlJM tutii,« i-\ . judii- m W .1 ji- \' f'iiW ■ 

i|it n>M . \\ iii'ti iintu'iM-pLiiili* (-(itidii (iHi-. I M I , ;ii I ft iii(t I M« 

|"'"».-.»jjiM-.. jihji-*! {ii IIm- (ipjiliA Ml "f I In- \ \:- II. I l»ul"r. 
1 ■■ l- t.\ iJiifM.ii'iital l'|i»lirlt»'n Av'« t.i-\, It It I Im . ■ 

pl-.vt'l I.I tij.ikf jpi-ni ifi- iliiw { ii.- .l.t,.., , -,...,t. 

r\. If III •J.- . n| xtnli ;llf i-rti.il |\i- j-ri*. i-.|i|H' 111 \ III ii> t -til 

'^l •fti;*h»''.|:»t; VilMi- - ■ J' lit I 111. nlit »• ' hi- Ifl il \ .-III'- I' ■ I' 

W-w I .liisrl :mI ■ \ . i.r " In h •■ \ i t.i nt.,,! "j. f 

l.tr.. lil' ii'itil \t hirh t hi- i!>iU 5 - :H t-i ;-l lliif 
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MANOMETER 



•SUGGESTED (INTERFERENCE FREE) 
PITOT TUBE • THERMOCOUPLE SPAC(NG 



Figure 2-1. Type S pilot tube manometer assembly. 

2.1 Tyi'O » ViU)l Tn\n\ 'iMio Tyi»(^ 8 pivot hiho 
(KjKure 2-1) shttli bo niado o( iiu'iul lubiiiK slusn* 
loi<,s 8iw>l). I' ifl rpcoimiivnclpii that Iho rxl'Tiial lubnm 
dianioior (dimension /;,, FiRiire 2 -2b) be beiWiM-n 0 4S 
and O.Ufi cenlimciert (hti and H l»^'l>). Tiwto siuUMm* 
an equal distance from the base of oacli ol the niiot 
lubo to il3 fftcft-openlng piano idinionsidns Pa and / h, 
Klfturo 2-2b): It In rocomnii-ndod that tills distaiico ho 
b<^twcrn l.OSand LMtimosthooxtornal lubhiK dlanu' r. 
The face oponinps of tho pilot lubo sliall, prrfrmbl . »o 
aUffnod as shown In FlRiirfi 2 2; howovor. sliRlii iMisabt'ii- 
motita of th« oponiii^a are t)orinijy<ibl« (soo tiKuro :n. 

Tho Typo 8 pltot tube snail have a known t'u«'mt'h'ni» 
deiennlnod aa outlined in H^viton 4. An id«'niiMraJuM.' 
number shall bo asslRnod to Iho piiol inbr; ihis nninNj'r 
fiball bo nvrnmii*'titly muik'd ^M^^'rav^d on Uw 1'«m1> 
of tho iijbf. 
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TRANSVERSE 
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NOTE: 

1.05 Dt<P<1.50 Dt 
PA«Pb 
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B-SIDE PLANE 
(b) 



A OR B 




(c) 



Figure 2-2. Properly constructed Type S pitot tube, shown 
in: (a) end view; face opening planes perpendicular to trans- 
verse axis; (b) top view; face opening planes parallel to lon- 
gitudinal axis; (c) side view; both legs of equal length and 
centerlines coincident, when viewed from both sides. Base- 
line coefficient values of 0.84 may be assigned to pitot tubes 
constructed this way. 
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(g) 



Figure 2-3. Types offcce-opening misalignment that can result from field use or Im- 
proper construction of Type S pitot tubes. These will not affect the baseline value 
of Cp(s) so long as a^ and a2 < 1 0° Pi and /32 < 5^. z < 0.32 cm { 1/8 in.) and w < 
0.08 cm (1/32 In.) (citation 1 1 in Section 6). 
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RUUS AND MEGULATIONS 



A sUOtUrd pitol tube xnty b« tttwl ln«t«ftd of i Tjrp« 8, 

oiK>iiliigs of the pilot tiil>f hftvo not pluRffd up during the 
traviTSv iHTl^vl; this can br dono by taking • vMocUy 
hrmi .A;>\ r..«diMft ai thi- nnal trnvrr- » point. ;;W'anlnR out 
thr iiniwi and stAili* holi« of i ho standard p c)l t"i)o by 
••back-ntirRlne" with iirpH^uiif.od^ftir, and thon UkUij 
•noiliof A/) rmdln*. If tb« Ap r/^^^^^^V"?? ti-^iT^ISS 
aftor thf air punrofti^ thpsant<» ( b5 P^"^^*'']^';^^*;,!*??^"? 
is m i(>iitAhlf. OtiuTwlsc. rrJiHjt Iho run. Note that if Ap 
nt tho flnai trawrsc p*ihU Is unsuitah y low. auothnr 
point may bt 5eli<Jt*Kl. If "»>ack-purRlnR at rrgular 
jiitervHia is part of the procodiir*, tiirn compamtive Ap 
fpHdlnRs sliAll b« taken, as above, lor tho lafll two back 
purKwi at which suital>ly high Ap readings are observed. 

2.2 Diirerenilal I'ressure Oatiie. An inclined manom- 
eter or ft<iui»aient device is "s^hT. Moat sampling traiiw 
are f quipped with a lO-in. t water column) IncliiiPd- 
viTiIcal manometer. havhiR O.OMn. 11^ d vis oiia on ho 
O. to UU\. Inclined 9Cal^. »nd O ^n. H|0 division* on the 
U to IMn. Tertical viale. ThU 'yp«,*>/ "^•Iloi"?**^ P 
other gauge of •<,uivalent,senMtivily) U 
Ihem.aaurcmentof AovaluM w low aa 1.8 mm (0.06 in.) 
IlfO. However, a «<ferenttal preiwiiy gauge of greater 
stinslilvity aiiali be usrd (subject, to the approval of the 
Administrator), If anv of the toUowing ^ «Mmd to be 
tnie: (1) the arithmalfc Average of aU Ap readings at the 
traverac points in the Stack U \f» than 1.8 nimJO «„"^,) 
lljO: (2) for ta»venw of 12 or more points, more than lu 
percent of the Individual Ap rwMngs ^ b©*oW U mm 
?0.05 in.) H|0: (8) for irave«ei of ftswer n poln^^ 
more thin one Ap readin; k betow 1.8 nuu 
Citation 18 in flection 0 describee commercially available 
InstnimeiiUtion for the me«surem©nt of low-range g&A 

^°A?analtrrnaiive to criteria (I) through (3) above, the 
follfjwiiig calculation may Im i)orf«>rmpd to ai»U^rntl!te t»io 
neoeiwlty of Ui«ii\g a more sensitive differeiilial prc^wuro 
gauge: 



I 1 



1 1 



Ap,-^ Individual velocity bead rouding at a traverse 
rwini. mm HjO (In. U*0). 
n-Toial number of traverse i>olnt8. „ . . 

mm H:0 when metric unitfl are used and 
0.006 In lltO when English Uniuare used. 

If T la greater th^n 1.05. the vpiooily head data are 
unapcpptal)lc and a more sensitive ditlBrontiul pn^ssure 
gauge must be used. ^ 

NoTt.— If differenlJal pressure gauges other than 
inclined manometers are u.sed (e.g.. magncholic gauges). 
Uioir calibration must bo cliecked after t^ach lest series. 
To check Die calihratlon of a di Cere n Hal presstire gauge, 
compare Ap rt-adiugs of the gauge with ihoee of a gauge- 
oil nmnomelcr ai a mliiiiiuim of three Tmwita. approxi- 
nml^ly reprem»ntiiq? the range of Ap valnes in il)i*jjtafk. 
If. at i-aoh iwinl. the valm*'* of Ap as read by the ditlereu- 
tiiil pre.Hsnre ^auge and gaiiK -oil nmnoineler agrcp U> 
Wiihlii 5 iHT.vut. the dUfenMilial pressure gauge shall be 
considered to ho In pro|)4.r oalihratlon. OUierwiae. tlie 
li st teri.*'< slmil either he vDnlfd. at proet-dun-s to artjust 
the uuMUSured Ap valiifS ftn.i luml resulus sliall l»c used, 
8ul.je<*t lolhi- approval of the Aduunislriilor. 

• t TemiM'ninire i lunge. A tln*rMi(M-onple. Ihium- 
niird hull* llic-nnouuMer. l.»nii-nillio thi-rmoineliT. mt-r- 
r:Jrv hi Kl:vts th.TP.m.ui li-r. or olher Rum:e rupiibie of 
pjiMSurink' i. iujii-rnHire Uj vsiiliin \»'U-t n{ iif tliiMijlnl' 
inuin al.sului.* sliwk TiMMprralUrp shall he u^-d. I he 
l,-n«iH-raMUi- gang.- sliud J f atiminil Jo thr pilol tu ho 
Mhh lhai ilif s.-nsor np diji'S Mi»t li'iuh »vny fiPial; tlm 
g:inj!e "^hHll he Mi iin nii<-f f- n-hi e fri'i- ivrningHmriii with 
ri-.'ipi-fl lo ilu- pin>i nil.i- fit«* t)j>i.ning>: Kigure J I 
miduNo I »>iiirf J 7 .ii .•' • :hmi 4 . .Mtfr>Kil.- pusH mns nmy 
iM- iis.<l It Ihe pUi-l t»»l-e I. ii.prruliir.* i^aMK*' •<>slfin \s 
cahi^riiii-'l a. o»rding lo ibi- i»rt«-«MlMrn (»f S,Mioii 4. Pro- 
vpird thai a dilTi-riMi.M- ti>>l :n«.re ihao 1 r>« r« «-ii: m ilie 

av<-i<H;>' v. io. :i> iii« ;v>.»H. nu»ii! is ii,ii«.d-i»'« d. iin- tem- 



perature gauge need not be attached to the pi tot tube; 
thl« alternative if lubjoot to the approval of tbe 
A<lPUiil8trator» 
M Fnmre Probe and G$uge* A plo«imet«r ttttie Mid 

mercury- or water hlled U-tiibe umnomBter capable of 
iiieasuriiig stack pre*tsure to within tiini (O.l In.) Hg 
is u.sed. 1*he .qtatlc tap of a statuiard type pltot iuIjp or 
one leg of a Type X pltot tube with the face oi>e!ilng 
plam*.<) tM)siti(med parallel to tiio gas (low may also ho 
Useii Iks tlie pressure lirobe. 

2.5 Bitfometer. A r.u\rcury, aneroid, or oUicr l)aro?n- 
eter capable of measuring atmospberio pnvsanre to 
within 2,5 mm Hg (0.1 In. Hg) may be used. In many 
casea, the barometHo reading may be obtained from a 
nearby national weather service station, in which case 
the Matlon value (which is the'al>solute harometric 
preasiu*) shall l)e reciuasted and an adju.ninent for 
elevation dlllerences between the weather station and 
the sampling point Shall be api)Ued at a rate of minus 
2.5 mm (0.1 in.) Hg per aO-motcr (100 foot) elevation 
Increase, or vioe-ver«a for elevation doorcase. 

2.6 Gas Density Determination K<iulpment. Method 
3 equipment, if netrded (see Section a.6), to detvrmlno 
the stack gas dry molocular wdtht. and Keferoiice 
Method 4 or Method 5 equipment for moisture content 
determination; other methods may be used subject to 
approval of the Administrator. 

2.7 Calibration Fitot Tube. When calibration of the 
Type 6 pitot tube is necessary (see Section 4). a standard 
pilot tune is ufied as a roforonco. The standard pitot 
tube shall, prefera>)ly, have aknown coeffloient, obtained 
either (1) directly from the National Bureau otBtand- 
vds, Bout© 270, Ciuince Orchard Hoad, Ualthershurg, 



Maryland, or (2) by calibration aciilnst another slan,':ir.l 
pltot tube with an NH»S-lraccalde coelllcleiii. All ^r- 
oativelT^ a standard pitot tube designed according to 
the eriteHi given in 2.7.1 through 2.7.A below and illtis- 
trate<l In Kljnin* 2-4 <'jM»e aI-m^ CiIuUdm.s 7. «, and 17 in 
Boctlon fi) may be U«#»d. lMt<»l tube'* -b MiMn-d jn-. i,r-liiijj 
to these .siHrilieations will huvi- lia^idiiu- ••oi lln ifiit*. uf 
about o.()f)i 0.01. 

2.7.1 llemlsplierli'ul (Shown in l'uMi!«-2 l» i-llipnii i:ib 
orronicHl tip. 

2 7.2 A niiniinuni of six djaim-t. r»- -iimj-bi ni'i •!. iv. i 
uiwn />. the external dlamettT of Uu inb« ) ivi-i-i the 
Up and the static pn\ssure InOi-s 

2.7.3 A minimum of eight diunieters Mraiuhl run 
bptween the static prrvssure l)ol<-s und lIn* t fidi i line uf 
tin* external tube, following the \tt] dr»'n-»- b.M,ii 

2.7.4 Stuiio prrs<ure hole.'^of iMpi:\Ni/«- npj.r .\iin:Ufly 
O.l Jf). tMpiallv spaei-d in a pii-/.iiot iri i ni^' r •niiK'nriiilon. 

2.7..') Ninety degree beih*. wlili rinviMl tu- iiiilfred 
Junrllon. 

2.H DllTerenllal Tressnre (Juugu f<.r Tyi>o S I'lt.tt 
Tube Callhrjition. An inclined niuii,»nirlrr <«r i-ipilvMli'iit 
is used. If tlie .'tingle- veil K'lty enllbnill-.n livlnnqne is 
cniployiM (see Seeiloii 4.1.2.3), llie ettliiirull,)n <ilUeren- 
tial pri^ssure gauge shall be readable in the iii'ari\«?i (i.l3 
mm litO (0.005 in. IIji)). I-'or niultlvidcHMty ealibrailofis, 
the gauge shall be readable to th(» nean^st o.i^i nirn lIjO 
(0.005 in IlfO) for Ap values Inaween 1..1 and 2,') aim lljf) 
(0.05 and 1.0 in, HiO), and to the nearest 1.3 mm llsO 
(0.05 in. HjO) for Ap valu»>9 above V* mm HfO fi 0 In. 
HtO). A speeial, more sensitive gauge will be re^iuired 
to read Ap values below 1.3 mm HtO 10.05 in. iltO] 
(soe Citation 18 in Section 0;. 



1 



0 



T 



CURVED OR 
MITEREO JUNCTION 



STATIC 
HOLES 



HEMISPHERICAL 
TIP 




Figure 2-4. Stan(iard pitot tube (Jesign specifications. 



3. l*rt}Cfdure 

3.1 8ei tip the apparains as .•ilinwn in VnfUre 2 t. 
Capillary tubing or ^iirge lanks instalh'tl Ihiwimmi tbo 
inaaoineier and pitol tube iiia> he osi-d to tl:nni)«*n Ap 
fliJeinnUons. U Is recoiiunended. luil not rc(iuiri-d, tlitit 
a prt*le.si leiik-elnvk ho eonddeleil. as fi>llnws. <1) blow 
Ihrtiugh ihe phot iinpael op»Mdiig until at l'*:i>*l 7A oin 
(;iin.) HjO vchHdt> [ire.sxiire nTlsit-rs on ihr m.-inuiiicier; 
llipi). ci(»se off Iho impivct opeiniiK. 'I tie pvi-.-^-^nre shall 
roinain stable fo- at IfNstsi \^ seconds: (2) dn thft saim* for 
the Hi:\Hc pTtWUre Sid'*, except n-iing su, llmi in obtiiiM 
tiie miiiiinuin of 7.1*1 cm (3 In.) iljtv « uhor Icnk .MnM*k 
pro^MsIurea. -^ubji-ct lo the appmval uf ibe Ailniimairalor. 
lliiiv be used. 

:\ J Lovol and /.••ro |he n:'>i>«»tu«M.*r Uivur-otJn mri 



noiiuM^^r b-vi-l and zero ni.iy iliifl itue fi v.br.vi ,.m. . nod 
ti-Miperulnre chaiigi\s. make pern»du* t links durmi: 'l.o 
iraverso. lt»Yord all ntH-e-os.iry dm a as* :;hnwn m thii 
txunipie data sheet iKl^iure 2 .Si. 

3.3 M<*a.sure the vi-bM ity bend ,iii-l liMopprulnn- at I lie 
traverse pnuiis spe<i{ir«l by .Mi'ib«Hl I Ivn-xitii' thai ihe 
proper dltTereiitial Vr^'s^nrn j.':ing<' is b.Mn>» ii-.i d for ibo 
range of A;> vnlms etieoiinli-rid t^ei* S,M ;i..n 'J-.M. If ii ui 
nJH:»*.sS iry t" change in a tiii«re sensin\ e j-'aiim*. il«j so. ami 
reine-.isiiro the Ap and liMnp» r:inne n-ailing-* at ••aeii ira- 
versi*p.Htit. r,iiidui t a pnsi^test l^ak • b'Vk uiiundau,r\ 1. 
fiS d«*.SiM llH-d ill .•^1-t'tinti 3.1 abcVi*. td \ali(bue ilir ii.i\ri-*e 
run. 

it 4 Mriusiiri* the ^l.ilie pr'-.-^-nn* in th'* -iii-k t»iio 
n-Jidnm i-* nMi:iil> ;id<-'{Ui<i' 

.i '. P-1. mii; hMI.«' Jii:i." |'b' t i " ■« ■• 



FEDERAL REGlSTEg. VOL 42. NO. 1 60~~>THURS0Ay. AUGUST 18. IV77 



RJC 



lULES AND REGULATIONS 



.RUN NO. 



PIANT. « 

DATE . — 

STACK DIAMETER OR DIMENSIONS, m(in.) 

BAROMETRIC PRESSURE, mm Hg (in. Hg)-- 

CROSS SECTIONAL AREA, mW) 

OPERATORS . ~ — — 

PITOT TUBE 1.0. NO _ 



AVG. COEFFICIENT, Cp = . 
LAST DATE CALIBRATED. 



SCHEMATIC OF STACK 
CROSS SECTION 



PtNo. 




Stack Temperature 


mm Hb Un.Hg) 




mm (iiiJ H2O 
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Figure 2 5. Velocity traverse data. 
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RULES AND ReOULATIONS 



Ftir comlMwtlon proCfVWf* or iwocwmwi that emit ©fvtevi- 
Uniif COt, 0|» CO, Mia Ni, MclhoU a. For prm^n&M 
emltUoc «iMtiUaU|r ilr, M AMinU nMd not b* <kmv 
4l)KitMl: UM A dry moUeultf WfiKbi ol 2d.O. For otbor 

prooiwic*, ofhftT tuMhoda, siittjocl to Iho fipprovtil af i!m 

a? Obuun the m©i.slurt cotil4*nt fiom UfriTriir^ 
Mfthod 4 ^or winlvali^ut) •€ from MiaUod 6. 

as I)fa4srmirie lh« cr()««-«ir<Minnai an* of ihn jrtH*k 
nr «l«ut III the Hftniplliif l')»rtti"n WlwM.i-vnr ihivIMm. 
physii ally tni^ftiftir« llio hUi k <lmi< n.-i»>ni rullu*; t»i»ii 

4 (yalibTQiion 

A I Typrt ft r;Uit *J*i»l»^ I^rfino lUs nuiml u.-^e, rHrfi- 
ftjily M»mli» tha Tyty» H pilot tiitx* In top. side, unci 
Mid news to vfu^ly that Ihf foc^ ofxuiiiiKs of the tut)« 
altntiM wIttUn thr stwiflratloiui ilhiAtrntfd in FiKiiro 
2^ or 2 3. The r»lU»t tube «haU not be uaed tf it tfWU U> 
tue^t th#0e iill«niueiu sperlilL'atiaia. 

Aftftf ▼erifylnt the face op^mliif aliRiimPiit, m»»Asnrrt 
Mid record the loUowin^f dluu'nM-in.s of the plt«»t Xnht\ 



ih) Uift Mt<\mal tuMnje rflametw {dimension FiRiiw 
2'2b): aiid (b) ttie baw lo-op<MiinK plane dlstaiicM 
fdlir»!»nalonj Pa and P», Fiftire 2-2b). It X>t la between 
i4S Mi4 0.W cm M ta;) Md if l»j i»i « 

tqual and between 1.05 and tAO there ve tiro ponlble 



oiitloius: (I) thfl plutt tube maj be calibrated acvordiiiK 
to the procerflnre oiitlinf»d In flpctlona 4 1.2 IhrouRh 
4 I 5 b<^l(»w, or (2) a baw»lino (Uolated i\\\K>) eoetlirUnil 
VHhie of 0 H4 may be avilgnod f» the pilot lube. Note, 
howov^r, that if ibf* pilot tube jxirt of an assoinbly, 
cjililtrftllon nmy 5tlU t>e r'.jiijrod. ilfvspite kiKiwlrd^e 
of the ba^^^hno coelfiitiint value Cv^ Sot-lion 4.1.1). 

If />». Pa, and Pb are outside the »im»c1(W UmlU. the 
pilot tubp unuil bo t allhratrd as outlined in 4 t 2 IhrouBh 

4 I 3 below. 

4 1. 1 Tv]»e 8 IMlol Tube A.^'?rinl»li(\'<. Ouniif": sainplo 
and vplM'Hy trayrrs(\«». tho l.KtilatiMl Tyi>o S pil'il liib-» is 
nut always iwed; in many laiianros, the t»lU)t luU* is 
iwfxl In Cdinhination ,vlih other .s<)urptK»wiinpUnKCon!i>*>i'' 
enu (thiTnu>04m|»le, .HampUng prolw, noK»le) as part of 
an "ftswMubly." 1'hB prraoMCr of othnr sampUiijZ c<»niiKV 
uvwXm can aomcliniea aiTcol Ihebasellne value of the Ty|>e 

5 pilot [uheceMOlU'irnt (CUation 9 In Heytion tt). thrn-fi»re 
un Hs.Mij{m-d O-r othi-rwise kn*)Wn) hastllne e'Mllcienl 




TYPE SPITOT TUBE 



value tnay nr may not l)e valid for a Riven as'^e-nbly Tli*^ 
biisnliiip luiil iksSfiubly utM-tUciiMit viilue.s will i»e ul.Milf.il 
only when the rrlatlvo placement of the compotuMils m 
the MaemblT ii such that aerodynamic Intorferonco 
eftecte are oUmlaat^^d. Figures throuffh 2-8 tlUistmio 
ItMerfrreiice-ffi^ c«uuponrnt arrniinriiii'iit.'* for T.vpr .* 
plu>t Iu1m\s having external tubiiiR dianji'trrs lutw.-. n 
0.4Hand<V.»5rm ^ Mnaiid Hln ) Tyi>eSpiti>l lulu* iv^.. i-.^ 
l>Ui\s that fall to meet any or all «»t tlio s|nM-iiicaUnhs ..f 
Figures 2-(j throuizh 2-8 Hhall he euUhruted u(M'i»r»Untf i.» 
tho pnK'c'duro (Hi I lined In HiM'tions 4. 1. J thruiinh 4 1 
i>c*l(iw. and prior to calibradon. the vahies of the in:<*t- 
^ouiponeni spacinRs (pilol-n(»z7.1e, pitot-ilirunoi-i.m.lo, 
pltot'prolm sneallO nhall b« ni''tusur(»d and n'n»r«liMl 

NoTK.— Do not use any Tyj>o fl pilot tul)e assembly 
which Ls «)n3lniotod such that toe iinj»}vct presMiri* »)piMU 
iriK plane of the pilot tubois beluw the wury pluniMif Urn 
n»i7/le (soft FljfUro 2~CI>). 

4.1 2 Calibration Betup. If the Typ*^ 3 pilot lulip i.^ to 
he calihraUKl, one lep of the luhe sliail bo peniianpntly 
rnurkfHl A, and the other, ) . (^alihrathm shall be d.me m 
a flow .^y^tcin having the. foU'»wing (vt.MMii dv,Hiijn 
feaUinvH. 

I 



1.90 cm (3/4 in.) FOR Dr- 1.3 cm (1/2 in.) 



SAMPLING NOZZLE 




A. BOTTOM VIEW: SH OWING MINIMUM PITOT NOZZLE SEPARATION. 




B. SIDE VIEW; TO PREVENT PITOT TUBE 
FROM INTERFERING WITH CAS FLOW 
STREAMLINES APPROACHING THE 
NOZZLE. THE IMPACT PRESSURE 
OPENING PLANE OF THE PITOT TUBE 
SHALL BE tVEN WITH OR ABOVE THE 
NOZZLE ENTRY PLANE. 



Figure 2 6. Proper pitot tube • sampling nozzle configuration to preVer^l 
aerodynamic interference; buttonhook • type nozzle; centers of nozzle 
and pilot opening aligned; Dt between 0.48 and 0.95 cm {3/16 and 
3/8 in.). 
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(3iii.l 

zfilcmOMin.) 




OB 



THERMOCOUHE 



t>ijilctii t 



TYfESmOTTUIE 



SAMPLE rROBE 




Figure 2-7. Proper thermocouple ptacement to prevent Interfe.ence; 
bt faetweer^ 0.48 arid 0.95 cm (3/16 and 3/8 In.). 




Figure 2-8. Minimum pitot-sample probe separ^^^^^ needed to prevent interference; 
Dt between 0.48 and 0.95 cm (3/16 and 3/8 m.). 



4.1 .2.1 Tlie flowing gw stream 
wtAfUFtilftr For clrc\il»r crosa-soctionB. the nunimum 
rr^ scrtUmS; tbo wWtu (phorter side) ehall Ije »t leasi 

j".«dot»'Hirin»'tlu t.»jmlM?r of duct alan30l«'rs: 



f•^.«^«^ Tuu v^lncltv n.usl bt con«taiit with Ume^to 



2LW 

r/.-i »■> 



4 1 fl5 liBTOl luid loro tlio manoiui'ior, Turn >n 
f«ina aUo* W° tobiUx*. Seal ihc Type S on.ty 

yaw and pitch anfilos. MtiMo sure that the entr> iK)it 
aurroUTidIng iho lube Is urojKTly.sftalod. 
burruu lu ^ atid record its vaJuo in ft data tuMo 

.jhu iar to the one Bhown In yigurc M. Heiiiovo th« 
8 ai dard Pltol tub. from the duct and disc-omu'ci U fn.m 



ir Widlb 



Mui lio dnvHH trr:^ up^iM-awi from vhc h.Mirec^t dlMurb- 

^"s'tV-r ~ 1 ho hj^ht. r.Ful u/o-^liuttx-inr criloria arc not 
n> 4 n u- o hpr tt "^i ^vtroi. i<Katio>is may be used (sutv. 

i.;>w VhV loM Mle lb ^lu\'\v i,nd am.iuiustrubly i.araUei 
ti» \h«' duct axuj. . 
4 l.l^n The flow ?v>trin jchaU havj* the ^^^l^'J.y 



rAllbratlon at wio nvniin i.*»,wu .# — 

^Ud S within ±i percent for the nj<«*'5reinent of 
JStoJiti?^ above St^ m inin (l.tU) ft/min) and to within 

^een iftTam VJs m/mln (600 and 1.000 tt/m «). If a 
inoM cruise c^^ between C, anu velocity )i 

de;l?cl. the flow system shaU have the capacity to 
gei^^tiatle^L^tou/diHtlnct.^ 

vMimitier. coverlnc the velocity ranRe from 1«0 to i.i»-» 
n/mln («» fl/n^in). and callbraUon dat* »lmn 

« taSolrat remila/ velocity intervals over this rauge 
uL ata\ in Section 6 for doUll^). ^ . . 

Ti 2 4 Two entry iwrta. one each for the standard 
And Tviw 8 uitot tubi. ffbin be cut in the to«t section; 
?ho^Vl^daXit^^t «I^all Iffted ^^hUy 

-*ownslreain of the Tyiie 8 port, so that the ^.tandara 
^ndType a im|«wt opinhms wll\ lie in ho,^;i7f "fjj^" 
M^ciioirarpiane tiuring eabliration. To ^tt^-il»ta^f ^bRn- 
me ^of he pitot tulyejdu. infj ott!ilira« tt.n. U m advisable 
tliat the lest srolion be r<H;sirUi'l«Mi of picxigl^v- or M>ine 

^^t^cfTKllonl^rliure. N;.to ^.U tlU. Pro;..|nre 
la a general one and niun n-it bo used wi icu Ursi 
n-fmitic to the snn ud eonMdiraiioti^ pn-MMded i" 
[urn 4 ft No c aUo liuU thi< pr .inre u,m.1i.-< or.tv to 

fir vhe A aud II >:d.- of ti>e Ty|>- S pilot t.il.i-, prot .1 

^V*?3r"Mftke -lire lhat the nmn-nn.in ^^ properly 
fiHod and that th- ml trve Iruiii rum.vniuur lou and b ol 
lhepn>|)rrd«'nv:tv. itispi-.-i :\'x-\ ■ 



Biandard pno; vuuf iruin mu^i . r:; 
the nmnonielrr. t*rnl the staDdard entry \iOtt 

4.1 3 5 1 otinect ilio 'Vyi^ ti pltol -ubo lolho inai»o n- 
#.t«r cinen tile Tviie S «ntry port, t iioe.k the inunor.,. 
e erVvK r^ro ^^ sert and align the Tyi>o S pltct tubo 
^ ttmt i ts A side impnct oi.eidnR Is at the same point a.s 
wa^ llw staud*^d Pii^t tulle and is pointed duectly in o 
Thtiiow Make "a?e that the entry port surroundinp the 

'^^.*3%^"Xali\"' alld ont.r ,t. vahu in tho data tabl. 
Kemuvo the Type pitot tuPe from the -luct i^nd d.v 
t'iitiii»'i*t iifroiij the nmnoiiu'trr. . » , t 

17 liT>»'at>bpMa.3..1tl.r^^^^ 
tbree"pulrsofi*/.r.'ft<hnRshavrh*MMiiibtnli.rd. 

tho H.-id.-.,f!li..'ryKS pM«i tnl .' ^. 

4.1 4 below. 

4 4.1 I'or f^'h of lb.- -A Pu.r- <.f Ap r.-ft-br P'. ■ e 
tbri rn.n Mde A and thr.^ fr wn 1^' 
Nrit(,ii 4.1 ^ aU.ve. cn'.'iiiat.' ttn- vl ihr l>t« b 
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RULES AND REGUMTtONS 



WrOTTUMIOINTIFICATIOHMUMSER! DATE: 

CAIIBRATEO BY?. ^ 





"A" SIDE CALIBRATION 




RUN NO. 


cm H2O 
On. H2O) 


cmH20 
(in. H2O) 




DEVIATION ' 


1 










2 










3 












Cp (SIDE A) 









"fi"SID'ECALIfiRATIOI 






RUNKO. 


cm H2O 
(in. H2O) 


Ap($) 
cm H2O 
(in.H20) 




' DEVIATION 
Cp{s)-Cp(B) 


1 










2 






















Cp (SICE B) 







AVERAGE DEVIATION « a(A OR 8} 



|Cp(s)^Cp(AORB)| 



'MUSTBE<0.01 



I Cp (SIDE A}«Cp (SlOE B) j^MU^T BE Km 



Figure 2-9. Pitot tube calibration d^ta. 



Kquati.-n 2 2 

Wtiere*. 

CV(i)=»Typo S pUol mho (■fjfM'lli ii>nt 
CrfH i: -Stari'Iard pilot tube r/v^nV ioTit; ijsf* 0 W If tlip 
will' icni jsunlriownfthd Ui«'t';l>o i:i'l'».^{Rnc^d 



oroordinR to the ( rittTia of St-i lions 2 7.1 to 
2.7.5 of this method. 
Ap.ti -N'olooity head ino«{?iired by the standard pilot 
tnbo,rra H|0 (in. UiO) 
Ap, . Velocity head moasuroa by tho Typo 8 pilot 
tuho.cm lljO (in. UiO) 
4.1.4.2 CaioulaUs (side A), the mftan A-side coof* 
fli iont, and (side B), the ni'^an B-;?i(Io coertkient: 
folrnlflto U:o (itlTrri'iii'o U'tsvcoM Uiw<o two avtTatto 

Vil'JOs. 



4.1.4.3 Calctllato tho (loviation of («ch of the tUrcd A* 
tide TftluM of Cf{.) from ($Woji ), and tho dovIaHon of 

each B-eldo v^uo of CVd) from CV (pido B ). Use the fol- 
lowing OQttation: 

Dcvmliun=:-(V'»/*-^^p( A or B) 

Kqufttion 2-3 

4.1.4.4 Cakiilate «, tho avorago dovJallon from tho 
incan. for both tho A and B sidi-.s uf ibo pilot tirbo. Uso 
tilo foljowing cqimtion; 

3 

Cr(ylor/y)| 

o (si(U- A ..r \\) -i ^ 

I'*<|uati()n 2-4 

4.1' I..') I'sc tirr TyprN pitol tiibo bnly If the valuosof 
c (side A) and 9 (side B) aro Iprs than or ecjual to 0.01 
and if fijp absohUo value of the dlff^Ttnco bcU^vcn Cp 
(A^ and C'* (B) h O.OJ or lrsr». 

4. 1 li ppccial iconsldoraiions, 

4.1.6.1 Sfloction of calibration jioiiit. 

4J.5.1.1 VVhon an isolated Ty\)o H pitof fubo is oftll* 
bratod, select a call Ijral ion point at or nrnr ttio ronter of 
tljp duct, and follow the procedures outJIned in apctions 
4.1.3 and 4.1.4 jibove. 'i'he Typo 8 pitot coemcionts so 
obtained, i.e., tV (sido A) and (side B), will be vrftid, 
«) long as either: (1) tho isolated pilot tube Is used: or 
(2) tho pilot tube Is used witb othtT components (nozzin, 
thermocouple, sample probe) in an arrangeinenl tJial Is 
free from aerodynamic interference eJTccta (Scu KiRurta 
2-0 through 2-?;. , 

4.1.5.1.S VoT Typo S pilot tube-therniorouplo Com- 
binations (wllliont sample probe), select a calibration 
point at or near the center of tho dtJct, and follow the 
procodurcs O'nllned in Sections 4.1.3 and ^.1.4 abbvo 
The coomdeni^ so obtained will bo valid so long as the 
pilot tubC'tbormocouplo cdmbinatlon is user! by iicvlt 
or with otiior components in an ijitiTfiTi'iicc-frcpjarranKO* 
nh'nl(Fig'ur(?s2HJand2 8). 

4.1.5.1.:* Vor ijBSemblies with -jj^mple pr(»be.«i. the 
calrbraiion point should bo located at or near the center 
of tlic duct; bowoyof, insertion of a probe sheath into a 
small duct may fcauso significant cross-reel lonal area 
bIo(!kn«eand yield incorrect coclllcient Valuta (Citation 0 
ifi Section 6). Tlierefore^^to irtlnlmize the blockage effect, 
thr calibralloti point may bu a few Incl;r,s oiT-center If 
m-orssury. The actual blockace etfect will bo nocligiblo 
when tho theoretical blockage, as detorTnined by a 
i)ro]rciod«area modfl of tlie proboshoatb, is 2 percent or 
Iu.ssof the duclorosS'Sectloiial urea for assemblies withont 
external sheall.s (Figure 2 lOu), anil 3 pj-ro-ni or less for 
tthSomblios with external *;heaths (KiKUre 2-lUb). 

4.1.5.2 Tor those probe assembli<rs in which pltut 
lube -nozzle interference is a factor (i.e.. thos«> in wnich 
the pilot-no7.zel separation distance fails to meet tim 
spocfflcatlon iUiistrated in Figure 'J {ia), tho vaJuo of 
Cn(i) dopends upon the amotmt of free-space between 
the tube and no^Rle, and therefore is a function of nozzle 
size. In those instances, separate calibrations shall be 
perfonncd with each of the commonly usod nozr.lo sizi« 
in place. Note that the single-velocity calibration U>ch- 
nifiuo is aoceptablo for this purpose, evi-n tlioURb the 
larger nozzle'slzea C>O.G;« cm or h in. J are nut ordinarily 
Ufif'd for isokinetic sampling at Vflnrltles around 915 
ni'niin (.3,000 fi/min), which is ilie cali!;ration vrlocitv; 
nuie ai.^t) tliat it Is not necessary to dniw an i.^uiklm l'ic 
.s:iin|»lp (luring rtilibraiion isee ( "itrilion tUm Sim-Mom i'.j. 

4.I..S,3 For a probe a.^s,-Mibly constriicliMl surti thf\t 
tt.< pitot tube is always UKcd in thosuineoririitntloit, only 
OMo side of the pitot tune need be rabl.ratt d (the BbU 
wbich will fate the (low). The pilot lubi« mu.sf nu'ot 
Ihealignmhntspi'cilitafioM.s'of Kii;rjr,- J .^orj :\, \^()\\t \rr, 
nnd ii.!!*.; 'jiivf riir :iv.t;i»-'.- -l. vi.i;...;. in \nbl'- i-f <" <'l ut 
1-x S.. !...!, I.l.-M . 
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Figure 210. Projected-area models for typical pitot tube as^eiTiblies. 



4.1.(J Field rseand R(H*ain>rotlon. 

llcll^'when Type 8 i>Uot tube (isolated tube or 
•aaombly ) U used in the OeW. the ^Pl^roin-lttte i <^^^^^^^ 
value (whether ass gued or obtained by calibration ) shall 
be iSed to perform veliX'ity calculations For caH»>rBted 
Type 8 pltbt ttibes.the A side coen iolent jha" "^ed 
wbin the A side of the tub* faces the How. f"^ » ^^^^ 
coomdont shall be used when the U side faces fjjG /low, 
aiternativoly, the arithmetic- avorase of the A and B s^do 
coefficient values may bo used, Iriespot tive of which 8id<s 

0^1^2^^When a probe assembly is jisod to sarnplo J 
-Biuall duct (12 to 36 In. in dlamwtor), the probe shcatb 
soniotlnies blorfc, a signincant part of the dnct cross- 
si»rtlon, causing a reduction in the otTcctlve value of 
r;,.,. ConsiUt Citation 0 in Soi tion G for di^lalls. Con- 
veniloTittl pltot-?anipl(nK proho asbi-mbllas are not 
rcL-o.nniondfd for use In dm Us havlnp uiswJo dmtiiHors 
roiailer tliun 12 Int^e^ (Cltatlun b- in Swtlon t.). 
^\X^2 Kecaiihration. 

4 J.O 2.1 Isniatod ritnt Tnb^'^. After oarh n^ld nso. Ihft 
pilot tube shall be cartthilly rroxiiiuln.Hi mi I'm;, si* j>. nm 
ind views. If the pilot fa.-e opm Urs ar^ «H 1 rtlipnod 
within th<^ sjwinoatinns llluptnitod ni !• iRuro \\ ur 2 
H -a l>e a-smnod ihnt llu- bas.'lliio co^-Ml, iont uf lho uilot 
lube has n.,l rlmnM- If. iMAVLVt-r. th.» ^V'';/''^'.lrTn 
daniac«'d to ih.* oMonl fhiil ii no Icnp r inr. ts tho s|k-( in- 
^tl'ins (.1 IMtfurr 2 2 or 2 H. Um* .l.uuftp.' ^^Uhrr Im 
rHprtiri'd !(» n .^^ton- pru]i(T aliuhnunt f>niu» fmi' opm nj^s 
or Iho ImIm' s^lmll br djrf« ;irdfti. 

n 2 IMol Tuho AK-i^ A(ti r h ni'hl use. 

fh.M-k Iho r.trc c.t)fi>»ii»; iili>«iin:"iit <jf pib-l tubo. n-s 
ill v;,.,.tmn 4.1.ri.:>.l; als^i. r*n»"Hsiir*' lli*' ii.l»r«nTnjM»iii iir 
M-». ini."^nfthoii>.<..Mil.ly. If thr iTit. roinii't.iM;i.t '^ioi.'h.i^t 
imvu not rhiniwt'i aii«^ li"' f'**'* oih-iihi« fili^'i.imnt w 
ttrc wtalilr. It r-iM hi' .us-unio.l UiKt 111.' rorlliri. nt of 
ii^.^»-inMy l-Jisiiot .■buuii'^'l. iftl..' fun- np.^iir.i' ;lH^Mll1P■l.l 
m ,io l..i.v.r w.tlHii I'a sj... iiMMtinT!- o[ Kmir. - .» . or 
r»»pri'r 'liun-.i^-o «»r u\\i\vx thi- i-;'«'t till- 

T.-iill n-t.!.!' Ul.Mi. U !l-..|!l».»\..fo.-. . -slIV). nn.. I' l.l. 
(M,MH»>'--i'l '^pii'-'" > h;iN- f Ihiuj.'*'!. r. -aon- tar uii/:.'.»l 

sjuii or r.-*ulilii=»io tln» juv-.-mf-'y. 

4 2 .-tHf..lnrJ pilot Mibr fifni.pli- :'!'!'-^- lU <i:i!«'l-tr.l 
ni'.ot tn^o 1^ UMil for lh.» vrlnritx lrj»\. rv*-. til.- tMt--^ htu 
t.o.-..n>triw ;.^lafcor'inij.' l., t»i.'rrlt..riii.i. M rt-.-u. . n.M 
Kh;iM S»o >v.".i;m..m1 a biv-i- hM.' ro. il:. :. i.t Vioii. ..f H 
tho Hiaii'hvrii JMint tnlT i« ll "1 »> P»^rl of :im a -. n i i^. 



the tube shall be In an Intorforenco-frco rvrrangement 
(subject to the approval of the Administrator), 

4.3 TemiKjrattire Gauges. After^cach field use, cali- 
brate dial Ihemiomcters. lUiuid-inied bulb thejmom- 
ctcrs. therinocouple-potentionietcr systems, ana otner 
gauges Ja within lo percent of the uverafio 

absolute slack tenijierature. For temperatures up to 
405?C (761° F), use an A8TM nicrouryTn-glass reference 
thermometer, oreciulvalent, asareference; alternative y, 
cither a 'feretice thermocouple and pptciitiometer 
Ccahbratou by NB8) or Ihermomotric n«ed mints, e.g., 
ice hath and boUlnR waier (corroded for harometrio 
pressure) may bo used. For tenu>crature3 above 405 C 
(701* use an NJ*3-caIlbrated reference thcmiocou »lo- 
potenijOiiiPter system or an altumate roferouce, subject 
to the approval of the Adralnlslrator, 

If durlnit calibration, the absnhite temperaUires !nrHs- 
ured with the gauge boluR calii^rated and the rpfr-rence 
canRe m:rpc within XJ^ porrcMt, the teinporulnre data 
takim in the Held shall be ( onsldrred valid. OMiorw.hC^ 
the pollutant pinlHwion \k<:X shall either be considered 
Invalid or adjust mentis (if appropriate) of the te I rw?uUs 
shall be made, snhjcct to the approval of the Adnilnistra- 

^^\\ Haroiiu'ter. Callhrato Dh- l-.i^-' i'-r um-1 nps^'U'^t 
a nieri ury baroimli-r. 
h. ('tUcuUtttnyis 
Carry out ml. ulat-Mn-i. ti inii.-i.v hi li.-i-t ■>!.»' t \ira 

d-i iniul nRiirc brV«Mi'l ll'ut .if Hi.- n. -.1 u.-ioul 
olT liffiirrs aft^r ilnal i iil' ill.vtl'.n 
5.1 Ni^Tiu in latiin- 

A (•h>>'; j<i i tioi.al an-a nl M.w V. n.' (f^>^ 
H^^ Wat. r vuiM.rn:tt». im-^ -tt.Mioi 'fr.n-- ! '< -r 

K.-r^rj":.o .NJitlii.d 4.. pnj|i..ri;'-v l-y 
(\. I'llol t>i!-*- «l':'*. }■',<■■. I. 

A , l il.»t till i' ■ « ta^i . 



'"'S?,^ffiX'Telght of stack «as. dry baala («ce 
Section 3,0 g/g-molo (IbAb-jnole). 

Molecular weight of stcwk gas, wet baaia, g/g* 
mole Ob/lb-molo). ^ 
« M4 fB.O i?« Eutiatlon 2-5 

Fb.r'^ Barometric pressure at measurement site, nun 
lie (In. Hg). ^ /. TT ^ 

r,«Black static pressure, mm Tig (in. Hg). 
/>,« Absolute stack gas presiioue, mm Hg (in. Hg). 

^Tb^r+r, EQuatlona-^ 
/'•Id '^-Standard absoliUe pressure, 760 mm Hg (20.03 

Q,^^ iiry vohimetric stack gas flow rate corrected to 
standard con<Iition8, d.sGm/!ir (dscf/br). 
/,«8tack temperature. C^F). 
'i*i-AlKSulm«slack tomperHturo,''K C'R). 

«27;Hfi for metric Eiiualicn 5 7 

« i60+/i f'^r Knplish * Etiuatioo 2 8 

Tni\--' Standard abs/)l!ite b-iuporature. 293 *K (.*i28'' U) 

r,-. Av<<race stark >:as vrlm ity, uvse^'. (ij/sec) 
A/)°Vrl<K.Miy hwvl ofstJU'k aas. nnn H|0 (in. ITiO). 
n.n(XU(*onvrrsit)n fiuMor, stMvhr. 
INO MohTuiar wm»?ht of water, g i,' Uiose <11M0- 
limit". 

'} A\i i:iV»' "t.iCk M/v^ VrhM it . 

i !(^ii:ii ic-n J 0 

I, ..■ II.. u r:,i»'. 



I 



\ ^ ■ 



iM^iiitL.n 2 10 

I M,i^- 1 M. - : .1. . .1 liv>nr.-i'-* Hui.^!i..«.k. N»-W 

^..rk. \l. JlHi M -k t !'-e I ' l , « 

l'^.,! -. J H < ll- -.. .1 l.;i-.f-.'- r-" rl .' n-H'K NtW 
^ .' :v \l. I .. .>i U.U H -.K • . lot- »'»«JJ 
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Probefl. Prepared by the University of Windsor for the 
MlniKtry of the Envitonuieiil, Toronto, Canad^i. Feb* 
niary 1U76* 

MRTtton O/ ' ANALTflW TOH CARnOH DlOXlnK, 
OXYOKN, ExCRrtSAlB, AND Uut MOLB<^ULAR WEIGHT 

1. l^rineitiU and A^j^baUy 

1.1 Principle. A gas Rauiple is rxfracted from a Mack, 
by one of tho following methods: il) single-point, grab 
ftunnllng; (2) aingie-iwint, Integrauw sainpfinff: or <3) 
inulU-polat, InlograttMl samplbia. The gas gample U 
analyet'd for percent carbon dioxide iCOt), 'imctni oxy- 
Rpn (OjK and, If nece5^ry, penpent carbon monoxtdo 
(CO). If a dry molecular weight dtaermimition t9 to be 
made, either an orsat dr a Fyrito » onalym may bo used 
for Ihn analysis: for excess air or GmiS5fon rate correction 
factor deterujination, an Orsftl amilyeer niu.«^t be used. 

1.2 AppUcabiaty. This method is applical)Ie for de- 
termining COj antl Ot conceni rations, excels air. and 
tlry molecular welelil of a sanipl«4rom a gas .stream of a 
to^i*fu6i combustion process. 1'^? uielhod tuay aiso le 
applicable to other ; Toctissos where It has beeu determined 
that compounds olher than rOt, Ot. CO. aJid - UrnRen 
(Nj) are not presout In conceutratlons snindeut to 
alfcct the results. 

Other methods, aa well as modiflmtlons to the proc^ 
dure described herein, are also appUo»iblu for !WTnc or all 
of the above delenulnaUotis. ICxawpies of upcclllc meth* 
viis, tiiid modHic«ftUonh Include: U) a iniiltt-puitti *<nHi[>* 
ling method using an orsat analyr.er to nnalj 8c Indi- 
vidual grab «anipies obtained alea^^h point; (2) u method 
u^ing COj or Oj arul stoichiometric calculations to deter* 
mine dry moIi«cular weight and nxce^s air; W assigning s 
value of aO.O for dry molccuhtr weight, In lleti of actual 
measiu-ements, for processes burning natural gas. coal, or 
oil. Thwe methods and modifiratJons may be usud, but 
are subject to the approval of the Admlnistratur. 

2. ApparatuM 

As an aitcrnaiive to the sampling apparatus and sys* 
terns dt^rlNd herein, olher satnplinc systems (e.g., 
liquid displacement) may bo used provided :;uoh systems 
arc capable of obtaining a repnvu'ntatlve samiue and 
maintaining a constant .sanii>ling rate, and arc otherwise 
capable of yielding acceptable ro^nlt^. Use of such 
systems Is su!)jpct to the approval of tlie Administrator. 

2.1 Urab Sampling (Figure 3-1). 

2.1.1 i*rol>e. Th« probe should bo made of stainless 
ste^l or boro;iUlcale gloss tubing and sliouid bo equipped 
with an in-iitack or oui-stack filter lo remove particulate 
matter m plug of gloss wool is ^itisf actor y for thic pur- 
pose). Any other material men to Oi. COi. CO. and Ni 
and resi.itant to temperature at sampling conditions may 
!w us*jd for the probe: examples of sticli material ar« 
alunUnum. cop]>or. qtmni glasa and Tellon. 

J.l..' Pump. A one-way sciuaeze bulb, or oquivalent. 
Is Used to traiisiMTTi the. gas samplo to tue analyxor. 

■J,2 Integrated Sampling (KIgure ."^ 2). 

'Jl.^.l I'robc. A probe such as thai describod iu Seotlon 
2.1.1 is suit aide. 



- ^.^ntlun o( trade names or sped He products does not 
consthute endorsement *>y ihi' KiiviroumentfU Prot-ofr 
Uon Agency. ^ 
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Figure 3' 1. Grab sampling train. 



RATE METER 
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Figure 3-2. Integrated gas .ampling train. 
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CCSrcOt t^TNfc b»ty4^toi<ttoy 9i uy i j id rtii i 
whfeli woiild tntmiftt with the optfttloQ of tb« pump 
flow inetert ' * 
9.3.9 V«Iv«. A c«ed!d TaSve ts «Md to «dlutt tampte 

^.9.4 Pitoap. A tMk-fir«»» dlftphwfm^ype pomp, or 
cfittlTiIdnl, U used to tmnsport wmplc (o tfieLfletibte 
't)i9« Initftll t tmall nneo timk.l>etve«n the pomp 
»t^ mstcr to eliminate the potiatlon elfect of ttoe 4iaF 
.phrijwftwttpon therotiimcfe^^ , _ ^ 

' 9.9J Bate Meter. The rotimet«', or eaultnlent nte 
meter. Died shootd be eapebic of mcBsurInx flow nte 
to within d:2peroent of tho seleoted flow rate. A How 
ratA renjte of WO to lOOO cmymln Is WM<»sted. ^ ^, 

9.9.6 Fleslble Hm. Any fcAlcfroo plsstlc <e.f Tedler, 
Mylar. Teflon) pUstic-costed slumlntini (e.g.» alunil- 
nlMd Mylarj beg, or eaulvalant, hevlnB ft cftpicUy 
consistent with the selected flow rate end time length 
ol the test nin,°may be U30d. A ca^iecUy In the range ot 
05 to 90 U ters Is suKxested . 

Tolsftk-eheck thebw, connect It toe water manotrMer 
and pressurise the beg to to 10 cm IW (2 to 4 in. HtO). 
Allow to Stand for 10 minutce. Any displacement in the 
water mtoomet^ Indicates a 1^. An alternative Iwik* 
eh^k method Is to preasutlEe ;he bag to 5 to 10 cm HtO 
(9 to 4 ht. HtO) and allow to stand overnight. A deflated 
btflndic&teealeatE. 

919.7 Pressure Uaiije. A water-filled U-tube manom- 
eter* er eqitlvaleni. of about 28 em (12 In.) is used for 
the fleilble beg leak<check; ^ _ 

9.9 J vacuum Ciaiwe. A mercury manometer, or 
eaulv«Ient» of at least 7no mm Hg (30ln. Hg) is used for 
the sampling train leek-check. ^ , , , 

24 Analysis. For Orsat and Pyrlte ansdyter main- 
* tenanee and ojperation procedures, amew the Insttjictlons 
teeommendedby the manufootunr. m\am otherwise 
spacifisd herein. _ • ^ * *v * 

9.8.1 Dry Moloculsr Weight Determina^. An OnAt 
M^ser or Yyrtte type combustion gas anaSyser may be 

9.3.2 Emission Rate Correction Factor or Bxc«» Air 
Determination. An Orsat analyter^imtfj be used. Fw 
low COt (less than 4.0 percent) or lilgh d <|r«ater than 
M.O percent) ccncentmtiuns. the meter ng burette 01 
the Orsat must have at least 0.1 percent ^i>divisions. 

3. Dry Motretilor W^iifht VfteftnltuuUm 

Any of t*ie throe sampUng and analytlciJ procedures 
deocrlbed below may bo uied for determinltig the dry 
molecular weight. ^ . , 

3.1 Blnele-Point. Grab SampUng and Analytical 

^SLl? "rhe sampling point in tl» duct shall either be 
at the controld of the croes section or at a point no cl<«er 
tothowaUsthanl.OOm (3.3ft). unless otherwisespeolfled 
by Vue Administrator. . , ^ . ^ 

3.1.2 Set up the equipment as shown in rignre 3-1, 
making suie all connectTona ahead of the analyjser are 
tight Md le4k.fr«e. U an Oraat Mia^rwri? L"^' IV^ 
rSommended that the analyser be "ata^^^^e^^lSr 
following the procedure in Section 5; howover. the leak- 
ebeck is optional. . . 

8.1.3 Place the probe i\\ the st^wk, with the tip of the 
probe po^^'oned at thesampUug jioint; purge thesamifl- 
Tng line. Draw a sample into the analyser and Imme- 
diately analyse it for percent COi and pe^Jgent 0». Deter- 
mine the porcentJfifie of llio ga^ that Is Ni and CO by 
subtracting thi» sum of the percent COi and perMut Ot 
from ICO percent. Calculate the dry molecular weight f» 
Indicated in Soctlon 

3.1 4 Uepeftt the fiompUng, analysis, and calculation 
procedures, until tliodry molecular weights of any throe 
imb samples differ Ironx the ir mean by no more than 
0 3 gyg-mole (0.3 n)/ll»-roolr). Average those three rooI«5- 
ular weights, ana report the results to the nearest 
0.1 g/g-mo'ie (IbAb-mole). j . ^, ♦t^t 

3.2 Single-Point, Intecrated Sampling and Analytical 

^ sl^^Tiie sampling point in the duct shaU be located 
asstx^lftetlinSpctlona.l.l. 1 
3.22 lleakKjheck (optional) the flexible bag as in 
viieocUon Set up the equipment w shown !u I; lgjtfe 
^^-2. i=u&t orlor to sampling, leak-check ^option*!) the 
train by placing a varuuru gauge at the condcnsor iiilot, 
r^UIng a vacuum of at least 250 mm Hg (10 in. IIJI), 
Uugruiig the outUl at ti e quick dieconnrct. and then 
hmling off the pump. The vacuum ahouiatonjaln slahio 
for at leajit 0.5 minuu). Kvucnaio theUoxIblo bag. C.onncct 
the prolw and Dlwv it in t!if slack, wliii tlm tip of the 
proh<^ po«itlon?u at thu ^wipUng polni; iwifge the sarap - 
InK Une. Next, ronnwi the hai^ oiul uiako surb that all 
^^nnwUonsar- 'Ig^^* and l«»ak frro. ., « . 

3 2 3 Sample at ^ iH)ustant ralx*. The samijlliip nu\ 
should be simultaruous with, ani for thp wrip total 
Icneth of time as. the polhitaiit einlssifm rot<^ dou^nninn- 
tiari CoIWtion of at least »Mliprs 0 (»)ft')of !fai:ipl<^«as 
Is roroni mended- however, sinajicr ^'olumes umy be 
colli ♦wl, if defiret-. ^ » j ^ 

OhUiln one hitegrated fine nas saniple c1 irinp 
fxu h polliiUMl emission rate detJ^rnnnalion V jthwt H 
hours tiftPJ me sample is taken, »r.Rly?^ it for pormit 
(*Ot ana percent Ot »iftl. g eUhor h.. Or^^t analyRor or a 
Kyrlte-typc eombtwtiop f^*- nnaiyrer. U m\ Oraal ana- 
lyjw is used, It b reroTninendcd that the Orsat loap- 
rhoi'k described in 8o<'tlon 5 be performed boforp Mug 
doteimtruiUon; however, the rhtvk is optional Deter- 
mine the percejiiage of tHc gas that la Nj and < .O by snb- 
trecUug the 5Um of thn f'^rcent C*0 and percont Ot 



from 100 percent* Calculate tbe dry molecular weight aa 
Iiidieatedin8«^ak 

gjj Repeal the aaalyiia atid eateuiatlon proee dur e i 
tmtll the bidlvldual dry molecular velgfati for any three 
aniuyeis differ txom tbsir mean by no more than 0.8 
g^«mele (0.3 lbAb*mole}. Average tnsae three molecular 
weMta. and repori)tlie resuHe to Use nearest 04 g/g-mole 
(0.nbAb-mole). 

84 Multi-Poh)t, Integrated Sampling and Analytical 
Procedure. 

8.8J Untees otherwise tpeolfled by the Admlnlak 
arator, a minimum of eight traverse polnte shall be used 
lor eircular ttacka having diameters Icsa then 0.(1 m 
(24 in.), a minimum of nhio shall be used for rectangular 
gtaoki naving eouivalent diameters less than 0.61 m 
<9i in.), and a minimum of twelve traverse |)olnts shall 
be used for all other cases. The traverse pohits shall he 
located according to Method 1. The use of fewer polnta 
Is subject to approval of the Admlolstrator. 

8.3.2 Follow the procedures outlined in Sections 1.2.2 
through 3.2.5, escrpt for the following: traverse all sam- 
pling points and sample at each point for an equal lei^th 
oi time. Record sampUng data as shown In Figturc 3-3. 



1 RmM(m Haft CtrndUm Fwfor or E9€e$9 Air DOer* 
«ifmtf<en 

Notg,<^A FyrliMype oombutifon gaa analyter It not 
acceptable for excess air or emission rate correction factor 
determination* unless approved by the Administrator, 
If both percent COt and percent 0| are measured, tho 
ahfdytica) rraruUs Df any of the three procedures given 
below may also be used for calculating tiie dry molecular 
wehrht ' * > 

Kach of the three procedures below shall be used only 
when specllled In an applicable subpart of the standards. 
The use of these procedures tur other pt^ r})oscs must havo 
specific priOk approval of the Admlnu' ^tor. 

4.1 Single-Point, Qrab SatnpUm. and Analytical 
Procodtiro, 

4.1.1 The sampling |)olnt in the duct shall either be 
at tho controld of the croa«?««ectlon or at a point no clo.ser 
to the walls than 1.00m (3.3 ft), unless otherwise spooined 
by tho Administrator. 

4.1.2 Sot up tho equipment as shown in Figure 3-1, 
making sure aU connections ahead of the analyzer aro 
tight and l«ik.freo. Leak-check the Orsat analyser ac- 
cording to the procedure described In Bection 0. Tliia 
leak -check is mandatory. 
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Figure 3*3. Sampling rate data. 



4.1.3 Plar^i tho probo in the stack, with the tipofthe 
probe positioned at the sampling point; purge the sam- 
pUng line. Draw a sample into^be analyser. Kor emission 
rate correction factor determination, immediately ana- 
lyse the sample, as outlined in Sections 4.1.4 and 4 1.5, 
foi iHjrceut COi or percent O:. U excess air is desired, 
proceed as follows: (1) immediately analyze the nunple. 
as in Sections 4.1.4 and 4.1.fi. for percent COt. Oi. ajul 
CO; (2) determine tho percentage of the gas that is Ni 
by subtracting the sum of tho peroont COi, p«'rcent Ot, 
and percent CO from 100 percent; snd (3) calculute 
percent e;. ;css air as outlined tn Section 8.^ , 

4.1.4 To ensure complete absorption of ^ '♦e COi. Oi, 
or if applicable, CO, make repented {fassee through '^ach 
absorbing solution until two consecutive readings are 
tho same. Several passi« (tliree or fouf> should bo made 
between readings. (If constant readings cannot be 
obtained after three conk'cutlvo readings, replace tho 
absorbing solutltin.) ^ . , . 

i.l..5 Aft<»r the analyjds Is complrted, leak-chock 
(mandatory) thf Oraat analywr once again, ft» dt^scrlbcHt 
in SiHitlou 6. For the results of the aimlysis to be vailil, 
tho Ursit enalyzer must pass this leak trst before ana 
after the ^.ailysls. NoTK.-Sinco this singlo-polnl. grab 
sampling ard analvtioal procedure is normally conductod 
in conjinictlon with a single-jKiint, grab samiiling and 
analytical procedure for a poUuuint, only ouh a!mly;;ia 
Is ordfiari v conducted ThsTt'fnre. greut carT must bo 
taken to ofiLaln a valid sample ft'id analysis. Although 
In most casoa only COt or Ot ii roauireU, it is recom* 
mended that both COt and Oi be measured, and that 
Ciiatio** .1 in tho Hibllography bo used to voUdato tho 
analytical data. . * . , 

4. J Si!»i{lc-i'oint. Integr.mMl vSunjiliuv' !in»l Atuilytical 
rriuTdnrn. . , , . 

4.2.1 Th*» satnpUn^: |Miinl in llio linn hIuiU Icxa'tMi 
ai nxvuit'd in S4'ciion 4.1.1. / 

4 2.2 LejikK-lu-i k (n.dndalnry^ the llexil:'«' tmc ft^ in 
fifH'llon 2:1X. Set u]i lh»' c'julprti<*ni ad shown m Kigiire 
2 '2. Jijst pnor lo sa:Mphng. lt«ik-<:li<H'k (inanrhviory) (ho 
train by placing a vaouun» gaug<^ fti the condftns»*r iiih^t. 
pulliiu: a vacuum of At l^ASl nun Hg (iO in. Hg). 
plti«Kit»g the oiUlol at the quick dbco.mcct. onU i\x*n\ 



tti^nlng »»ff the ptuup. The vacuum shall remain stable 
for at least 0.5 minvte. Evaroate the flexible bag. Con- 
nect tho probe end place It in tho sthck , with tlie tip of the 
probe uositloned at the sampllnj? point; purge the sam- 
pling fino. Next, connect the bng and make sure that 
all conne2ilons arc light and leak free. ,„ ^ ^ 

4.2.3 Sample at a constant rate, or us specified by tho 
Administrator. The sampling nin must bo simultaneous 
with, and for tho samo total length of time as, tho pollut- 
ant emifislrm rate determination. Collect at least 30 
Iitcra U.OO ft») of sample gas. Bmaller volunias may^be 
•collected, Kibiect to approval of the Administrator, 

4.2.4 Ob'.ain nno integrated flue gas sample during 
each poUuta'U . mission rate detormlnution. For omissiou 
rate corr.ictiiin factor determination, analyze th: sample 
within 4 honrs after li i.s taken for nercoul COt or i>orrent 
Oj (as of*'-' » in Hectlons 4.2.5 through 4.2.7). The 
Orsat r 4 must be leak -checked (see Ht^llon 5) 
lH»fore tl'H i,yj.:s. If air is de-sired, proceed as 
follows: (i) within 4 houn afti»r the samp ^ is ttucon, 
luialyze It (as in Bi-Cllons 4.2..') ihr-mgh 4. '2. 7) for iwccut 
C:<;i. Ot. and CC; il) doternilno tlie pflrc«*nt»igo of tho 
pasthat is Njl.y suhiraciing tho su* ' ot tH«» pi'^-ernt COi. 
percent Ot. and percent CO fro' O .'crnl; Ci) cal- 
culate prroont v\ci*^ air. as cutl! m St-ciit»ii 

4.2.fi To en.snro complete abs ..lit»n of the COi. Oi, 
or ifappli'*al>le, (M). make repi^ated posses through each 
absorbing s<ilut<(m until twc coru^i^vutlve readiiiKsnn; the 
wtrne. tfi'V^Tal pajwes tthnM* or fotir) sliouM be macic bo- 
twoen rt-atlings. (if con.'^lant rratUiiK^''rt'u>^ 1 1,.-* nhtulnod 
afliT llin4» con.si'cuiivo n»atiiug.s, r^placo tho al),s»)rbing 
SdhuioM.) , , 

4.2.0 Uepoat the anal y>Js. until UiC following criteria 
aro nii't 

4.2.0.1 For i>oieciit CO,, n poat the analytical pro- 
Cod ure tmtil ihr ri«ult8<if any ihrii! anali J'iw tilihr hy no 
more than (a) 0.3 percent by volume when COt is g»''^tor 
thari 4.0 |>t»rcent or U>) 0.2 |»r: .'eiU bv volume when ('(>| 
Is li'its tliaii (.r o<|U»l to 4.0 prneiit. A voyage the thre<* ac- 
ceptable valur^ of ;M»rce4it COt and report the results to 
the nearjv<t U.l IKtrrent. 

4.2.6.2 For |»orcont 0>. rrjKxal the analytical pmcedupj 
until t.;s roj«ulls of aiiy Vhrw anaiys^^8 diifer by uu more 
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;ni' ll .1 .1- . • pl.iWl.' 

If,.- t.-l.l.Mi.-.- .i:.'ll-..l I. ilL.i n.i:.lti.-i.-l MMiillt:ilii' 
(Ml IN \Mlli .1 iM.iltii ml -ll" ■ I .' »i" nil t...:!. t itu. v. Ii.-ii 

It I- r .1. iii-.ih I I- I'.- I ••k.if . . i-i.ni:i..iii i»?ni^ .!»»» 

I t 'i' . I.j: ilii- HIT ll ill i ''l 'ip'-ii llir tiMil;^ III 
tl.i- i. f. II IM-. I it lll-..| I.' I' r-iipv -ll' fH. I lii- i i -.l''lll.ilinii* 
.-Snlli.iii I- ."1 lip.'iMli. ..viiliv..| ili. :i|iprn\itli:iao!i 
|. Mill. ..I Willi •■ 111.- .i|.I.I "MH.;il{u'l l.i. lli'i'l I' -ll'INMI. ?I1 

(Ip. ^ ,i:.|., ..I til" V.lih Illicit »i»r. r.S. linvifinnirn- 

p[..;. I iMii ' \ . t»i I-.- i .iji-iiili' I'l \ I' i^'iiu ii--u'.i.i 
V ii>-.,iM I'l M-'-'ii i.t 111'- rr(» MM- 1' 'JM iliii'l. 

Ni.U "I II." Irf- !• l:.i lll-ii| ll'uy yi'M '|iJ|-^tH.J;UliII' 

r.. <■' \\lrii. -ir.i.i.i-l I.I •»;tnmti-i| ua*^ ^ti.-;jiii> or in 
M-i'i'- »:iit ...'■111. wnl.t (llM.'.'t '111. i.-(.'tr. wl.. II 

llll-. I .ili'lMl"'.* lAl-t I.I -M»>|.i.| t('l|. a MM Illnl l|l lil 

i-:mi ii I 'll !•[ I-...:. 111!. i iifiMit vli;ill hi- UiUil'- Miunl- 
t 11..-. .ii.lv Willi f hi i» -..'ii n. 1- !:•! Ihnil. IV- fi.ll'.w-- A->ii:i.'^ 
Hint III. --M- ii.M -i - •.ii:tiati-.J Atifti h n ti-iiii«.t:,».tii. 

II nr f. .Itirll'li' 1.1 i n-ri-^ iC li» M' <" T I' 'I I" 1"'^ 

1,-f. i.-ii ."..-IIh) 1 pii.tir .M .-.IS I 111- th.' >tfiik tiu^ ti-nipi-ni* 
l.|lvn^ i:i. ll MM V.I '■ p.. lit Hi-.ti.ni J J I. (li;ni;: thn 

l.-r. !•' Il.i' "iM-'ll-'-l lll\''— ■ :»t. il':lt.- 1 It.' !V%«-1 .'lUi MliiK 

I. • !|..i:iti!;'" \. M. 'l.-''i!: :i.i ll:i- i::i.i-lni" pir'-« ll'; 
a^.. ..tl-tr liy 1 1' 'I ■» pi \. In. .Mil till' . liart ipnl 
I. aivin" ■j|ipjiii-tnil- I M I'' li'»JH if ^tmk pn ni*' n 
,|,!.i-».t (i.itii lli:i' iif iln- »-li:iiI. "I II in^' sal unit i"U 
N:iM..f pjiN>i:ii- liil-'.i^ 111 «.i \\hr\r tl.i- p-V- llHili.i Cr'' 
,1,.,,, ,.| ||.,. >:,l ii.it"'ii ^.ifii'i pti iii»' l.ilili *^ uti* li»«l 

I- ..''. luM.I..- . \.il: il..'-. -HI., p. \ fi.l.M'ali^ 

li,. i . I 1.. II.. riii-i"\.il '.I »!■'• A.li.t.i.--'i;it.<r. 

-!ai; I 



I'l' 



Piri- ij I., ■! ■,: Nil 1 1. .11 1 ."■ f'.| ill In 'II ill.- -j; 

I,,.' nil.- ...' t. Ill i< ll : . :-t!/ :. ;t.> :i ti-fcr.-n.-i' iMi llm'i 

M A|»|"4fii">" !i -ii-uiii i.( (he MiMiplitiu inii.'i 

ttM.il :n tlii>- n riTrnn- Mirtlm'l is slinwii in !■ ipuri' -I \. 
All .■iiiiiiiu.ii'i\t> -hall lit' iii.uiltiiirii'il lunl nililiruli «l 

l.hr;' in tlw plu. t •lul." ulltlilM »| Ml Ml IIuhI 
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BULES AND REGUUTION$ 



FILTER 
(EITHER IN STACK 
Oft OUT OF STACK) 



STACK 
WALL 



CONDENSER-ICE BATH SYSTEM INCLUDING 
SILICA GEL TUBE —7 




MAIN VALVE 



AIR-TIGHT 
PUMP 



Figure 4-1. Moislure sampling tr£ in-reference method. 



5.1.1 Probf. Th? prf>bp is noiisimolrd of stftlnlw?^ 
rtecl or glass UihliiR, suillrifiitly htnti.l '.d prfv<"il 
watnr condensation, mid is c<iuipt><'d with » liltrr, ritiior 
In-stAck (e.g., a plus: ot k1j«s wool iiiurntd into ihr 

of the probe; or hoaic<l out-sincL (p.j;., us dns<'rit)Pd in 
Method 5)» to remove partf'uliue -.naitpr. 

When stark conditions ponr.It» othor iiiPlals or pliusilo 
tnhlnc may be uscvl for Ihi' proho, subjovi l(» liw approval 
oftho Admiiilstrn'or, 

2.1.2 (;oiidpii?pr. The coiidPiisor consists of fcmr 
Irnpin^iors *:onmx>tPd in r.crio^ with v?r(»»ind >:la."w. lf*atc« 
free 'Utincs or any sitnllarly h*ak-fr*M» nnnn'oiUatnimiilnR 
fUlltiKS. The first, third, atwl fourtl" iinpir»iu'r> shall bfl 
of the (Irf'i'iiburjj-Sniith ilfsini, i:»oiii'ii'il by ri^pliu'lut? 
t' •» lip with a 1..1 pfipiMM-tir v*, Iti .1) Il> v:liwv.> tiibn 
e • llntf to Abmii 1 3 rin \\(^ in.) from iln* builom of 
the nask. The s«*<'oiiii nnpinui-r shull hr uf tht» i irfiMibri'-v!' 
Piniih d^'.-Jltin vith iho -Mciud.iril np. Sioitiricai ii«rus (p 
ustnc fb'xiM** i*«uniPrtint\s bi'twn n tin* itnpnivci'^. nsiiiR 
liialprial? oiIht thim ul.vss, d* iisin'4 IhAibli* v:ii imin Hups 
to coiui'M l I h»» ttlti'r holfiiT to I'lP foMil MiM r t tt::iy liP 
usetl, subJO'M to th** ippruvai ni Uw \t\i\\\\u>\ ruTi-r. 

'I'ho lirst two irnptru"r:» shall (oni.'iln know r) vi>lutnA.'} 
Of wutfir, the third shnll bo »'inpt> , und th<' funrih shaU 
Cnnt.'iln a known wvijiht of t)- to pi-in^sh tniinMtlng typo 
rtllca KPl. or ^juival«'iit di-aicoaut. if 'ho •Jihca c**! h is 
b*'^^!! prrviiiusly used, jlry ai 17V (* {'X>0' V) U>t 2 hour**. 
Now siUt'aRJ'i nmv be used ap lof^riviHl. A tht»rtticn;iPli*'", 
capabi** of inna-^uriPK tf*rnprratiiri» to wllllit^ 1' (' (2" F). 
ahull bo placed at '.hi* outU't of tin- fourth Itupin^rr, fur 
liiOfntoiin-.! pnrpo'*i*.s. 

Alti'rnutiv»»ly. ftr»v sy<;lirii inay \ o n^i'd '.stibjirt lo 
tin* approval of Uio .'.(Iniini^ira'nr) tiiat v tnU thi» ^-i-njih' 
»itrisarn and all'iws io*a'<t»r''tiiriit nj h-^th lUo wufiT 
*lhat h^ Ix^en r<indonsi>»l and tlio n)'»i'<turi* Umvoi:: iho 
ptindi'nser. each U) witljin 1 ml or I i:. Arri piiiiil-' int arts 
are to mriksTjro the cotulons«'d wulrr. either pnivi* 
ni'-tiically or vohiniPtnraliy an<l to nuMLsuri* thn nn-is- 
UiT*) leavlMR the oootb'itfer l)y (1) inonltorinc: thn 
ti inperuturo and prrssun- at tho oxH of tho ci»r:d«*tisrr 
and Ii5iin5 Ualton's law of |Miriial prf.wur".". (^r : J; pa.'>sui« 



thr ^amplo 205 *^treani through a tared silioa hp\ (or 
e(|uivalcMit dciiicanl) tmp, with eiP gases kept bolow 
2l)° C PiH** I*), and drtennlninR the Wft^ht jjain. 

If nipan:* otliiT lliau »Jilifu K''I aro us''d to di'ti-rinlno tho 
amount of m'»lsture li-avirjn the condenser, It is rn'oni* 
noMidcd that silica f!<-l lor P(|Uivalfnt} still t>o iised bo* 
IwiHTi the ct>ndcn«('r svstrni and pump, to pri'vi'nl 
ni'ii.Htnrr' ciiiidpti.saiinn in tlie iMimp and loi'tcrhK; 
dovii.'ca and \o av"id the nro i t** in;iko c.jrri'ciioiis fur 
inuisturf in the mi*ti*rpd VMhiine 

2 \M t'oollnp Sy^hMn Ati ico biUh nontapp ■ ?\nd 
cru-ihcil ire ((»r uijuivali-nt) arj- uhimI tr. aiij In coiidi-nMng 
iiiuistiiri'. 

•J.l.i MrlirinK System This "^ystrm ImhitJi'H a var- 
luiin pf\U[!P. U-aii'fri-n pump. thi»rm».iiii'i'r'> vaiialiii* of 
nn'Asnrii;^ P'Oii-iTaturc U> wiihitj 'i° (* Ki. dr> uaa 
nii'f»'r rapaJili» of in>a<Urlm; •ulutni' to wiJuiti 2 pi-rt i-nt, 
anil rflatiMl pi|ulpmi'ni as shown in Tkuri' 4-1 Othi-r 
inoti'rini? fiystrm**, callable of m.-nntuiiiini! a ronstant 
."v'lMil^lMJi; r-.»>»' ami d«'i»TtniriiiiR stuntil" i^as ni:iy 
bi* n'<«*d. ''ul'jt'Cl tti tf»e .ippDval of thi' AiImiI .I'.iriU r. 

■J.I .'i haroniotiT ,\p»rrur\, atu'ruit!. nr inh« r iinr .:ti- 
cU'T cupal'li- at n»<»a.Mirniv: atniiist);n ru- pri ssnn* t<i wtHur 
2 5 mm 'U 1 it(. :nay be in»'il in many ("i^-*^, ihc 
V »r'»rin*'rif rt'adlns may bo ubiiilniMi fr -ni a niM«t>y 
national wi-alhi-r ^^crvuv statiun. wi whu-li ciisr thi* -Jia* 
tlon v:\tup 'wliicb is the al>s'»lnt»* b;jr'>ni»''n«- f)ri'^'<iir. ) 
shall Ih* ri'ipii'sti'd at>d an adjust i,i*'ot f »r t'li'Vii'ii-'i 
dilT.TiMirrs lii*lwo<"j tht» w-athi-r sia'hjti ami Hn* fun* 
plinc p int shall be applii 'l at e. rii(" cf ml = / '> mm 11 C 
{0 1 in. Hj?) prr *M) ni iltxj ft) elrvatinn ii^risiM- ..r viii' 
vi rs;\ for cli viifi'it; (l»'iTi'a'ii'. 

•J 1 ij (iradnatril ( y'ltul-r ami ir bala.no Th-si* 
It4'm> aro us«*d to tn''asciri' cJMfir'iM il wa'*-* at ' ni'»i tnn 
canpht in llu' si!i>*JU'i*l .n wiifiln I ml 'ir <l..^ e. «im«Inah d 
cylltnU'r*; shuil huv.- snbdivisinns r.-, »;ri';\tcr th.m J ml 
.Nh»i:l lalnH^jinry li;ila'iir^ uri- niptxbh' nf wi Uhi<;\; U> t)i»' 
noiif'vU O.fi ^ or li'M. Thvs»' balamrs an* :<ui»i\b!»' l^r 
tise hero. 

U.'2 I'riicrdi;''''. 'I U>- f..ll priu^'cbiri' is written f-ir 

a ••i>nd»Ml'<»T si-!f;n -"'.irll twi IJn* s •:|.jii};'r s>N!i 5i; tli- 



Scrlbi'd in PecMorj 2.1.2^ ineorp:)ratinj? vtdnmi'trlp analy- 
sH U) n oftsure thr condi'osed mnisturi-, atid 'iilioa kpI and 
Kravijn 'tih*. analy*4i>* to meaaUTe the nii>lsturo leaving' tlio 
concfi'i <?or 

2.2.1 t;nh'fwolhcrwi?PSpPcifle<U)ylho Admlnistmlof, 
a mltdmuin of oiKht traverse pultila sMall be usr«l for 
cirijTiUr staeks having diutn*-tt<rs ie^s that) 0.61 ni (24 in.), 
b mtninmtn uf nlMf' points shall t)e u.srd fur ri*ctanuular 
statik.i ha\*in>r eqiitvalet;l <ham''tiTS h'ss than ti.fll in 
(21 it. ), and a mnumuin of twcivr travnrs points .«;haM 
bp ua-'d in all other The travtr.M* p-oinijt shall bo 

l(H-atiMl ft<Ti»rdinp to Mi tiiod i. 'I'ho Uso of fewer pnj ts 
,.\ (;nl>}i rt to the approval of tl.r Atliiiliii.straior. ,'^(1(\ t a 
sititaMh' (ifobe ami probe Icnutli snrh that all traverso 
poi.its can be samphd. C'niHiUer •iamphtu* from oppo.sjto 
sidos of the ?*tai k 'four total satnplm^r ports) fur lari!o 
stacks, t'l pi-rmit Us<' tif .thorti r prdln* le{;>itli.s. Mark tim 
pmbp Vk.lh heat ri->tst.Vit tape i)r by H<ime othe- melhou 
to ilenoto the prnprr liistaii'e iii(i) thr sti^'k or dnrt fi)r 
rarli s)i..i(iiiii>: iHiiiii . lMa«*e know n vtjlniiio«i of wiuer lU 
the lir.'^t twn iinpiniieiii. VS'. irnl ri-e'ini tin- wiMnlit of 
tin* sihrii uel t»» the nniri^t L' . ainl ti:» ^f-r tli«' '^ihca 
vel to the fourth itnptin:»r. lihirnativi'ly , th»- sjii. u.-fi 
mi»y lir.n he tran^'fi-ri-d ti> th»' 1 :npt;a.'er, ami tlie vvDjjht 
of till' siln'o u'el pln.s Itiipiimt r vrmrifl, 

2 J. 2 Si'leet a lolal saiiiphuj* lim" *;ueh finit a mini- 
piutn tot.il ii)\S vuliinje of n.tHi M-tn i2l .'ivf) wjll lie. eol- 
leeteil. at a ml;' tio jireater than '>.u^l mVmiii H».7*. efm) , 
WiieM hiit)i niiiNttjD' c'Xilent and pntitil:n)t emisNion r^Us 
are to be (li ternnneil. tic '.nui.st tit ■> <li'terniinatioii shall 
be sjjntllt itudiis w'lh. anil f(ir tbe same ttJtal len>;tli of 
ti'ui- a>. thi- pulbit lot foi I'^Miiii rat: riiu ii!:ii-:; ;»n!j»'rwiso 
s|i. i'l in ati appb.'abli- sutt|»ai t ol ttie *5t:ni. lards. 

Si-t up ibe sniiipbiii: train as -iliiivxti ni KiH»iro 
4 1. Turn on the pri)l.i. l.entiT anM ilf apj^hrabli ) tlje 
fUtrr bi aln)>f sy.-^tem to teinp-Tuiures of alx-ut 12(f O 
(24s'' F). to pievent wutiT i;ondeiisati()n aheotl of the 
rnifleii.'ii r. alhiw time fur tiie l( niperatunv lu '^labilito. 
IMae.' criLshiMi h'e in the ire huth contmuer. It 18 rocom- 
m>Mvdei|. hot not reqinred. tiiat a li^k cheek be done, at 
fulli>w>. Inseo-iii- cV thi' prulKt fruin the iifijl Impingcr or 



«SD£RAL WGISTtR, VOL. 42, NO. 1 60— THURSUAY, AUGUST 1977 



ERLC 



82 



I 



' fifftimMcftMiO from Uin flUor hoUlor. Plug the inlet to the 

Ha vfteuum.ftlnwtTvaeuuin may \»- n^^'d- proVUloiUnav 
It Is- not i'Xeoo.U..l di.nnp ll.o l.-sl. A mom 

tM^'iiun (JUV M!M). wha'lifvrr is ip>s. U .jtmmM'tuMo. 
follow iiij; lh<» p^k ciMH k. rouoinu-a the proho lo the 

r»lv\M<hin lu porrofl ot . oj.^iunl ralr. .w rv^ N^.^ i]M hy 
tin' A.ln.ntlstiator I nr rrtrh nin m ..r.l t»K» cfnln ri- 
riMuoil nil the oxatmilf <lata sh«H>t shown In l-mure 4^. 
Ar siin» lo rtM-ord Xho '\ry nwWr uwlinj: n\ in<- 
nipp ivnU fiiU of Wich siwnplnip lin>i' Im rtMin-iil and w hen- 



RULES AND REGULATIONS 

ever fWiniiHiig i» hftlt<v!. Tnkn other »PPronriat4^ f<«Uln|W 
At ca<*h sample point, at least onco during cfuh time 

*'Vr"^T" l>"Uln pftiiipllnp. tvwition tho probo ti!> at Ih^ 
nr^ imvorsp p..int. Iinnioillfttoly start tln^ !«;mp an<i 
wHiiNl the How to tlio d«v^iiwl rftto. '1'mvorse Iho «n>Sfl 
^PHllMfi. sttnirHiij; lit eaih Iniverso point for an i^vm 
\vmiU oi tloio. Atl'l niorr Uv ainj. If niMm^iiry. <uiU to 
maintain a I- tiit»pmlurn of l(W» than 20" C U'la" t ) al tno 

^*'i'?«^* *An<'r!oll»*rtiii« t!H'saini»lf». tliM-t»tnio« t ttirnroho 
from th<» liilor hohh^r (or Iroinlln* first jnn/itiUi'r)aml.orj* 
Uma a Kak chw-k (inunaalnry) us desrHbo^ in Bwtioa 



HANT 

' OCATION. 



OPERATOR. 
DATE 



AUN l»0.^— 

AMBIENT TEMPERATURE- 
BAROMETRIC PRESSURE^ 
PROBE LENGTH m(ft) 
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2 2 3. Uccord tbf Irak rato If ttw h-okjiiro ralo rxrooil? th» 
nilowftble mt<^, liio ti'StcT «!iaH <'i1h««r rcjoc t tlio t4«t rej 
Bults or shall corrori thr wininli' vohnno aj» in HiH'tion n$ 
of Method Nnxt. nM'iisiir«* lh» vuhnne of tho ti"»i>^Hiro 
mndfiisi'il 10 Iho nearest mi. intrrnilrif IIm» iin roivs** m 
w<«i;!tit of thf -tlllrap*'! f'T ';ili« fti!»'l pins Iniplnifri ) to l}io 
n.'am'<l o .'i r. K«M «)r«i this iiif.innatinn (si-o pxiiinplo datft 
phi'i't. Munro 4 :n and r.ilciilulo ttio nioisluro jhtc iMilag©, 
as d*v?« rlhnd In 2 3 bi-iow , , ., 

2 3 nlaliotm. Carry oiilltn' fnli«)Wlns « ikli ulatlonB. 
rplujJiiiir al IrJust o?n»pxlm di'i iiiuvl nRun* »>ry»uid l)mt or 
[)w ttriiii;r. .i liatu. Houwi oil nKiin-H nft^r linul t-aU illa- 
tion. 



SCHEMATIC OF STACK CROSS SECTION 



TRAVERSE POINT 
NUMBER 



SAMPLING 
TIME 

{$), mtn. 



STACK 
TEMPERATURE 

»C i^P) 



PRESSURE 
OlFPERENTiAL 

ACROSS 
ORIFICE METER 
(AH), 
mmUn.) H2O 



METER 
READING 
GAS SAMPLE 
VOLUME 
m3 (ft3) 



GAS SAMPLE TEMPERATURE 
AT DRV GAS METER 



INLET 
(TminU'C (»F1 



OUTLET 
(TmoutJ^^'C (•FJ 



TEMPERATURE 

OF GAS 
LEAVING 
CONDENSER OR 
LAST IMPINGER. 

•C l«F) 



TOTAL 



AVERAGE 



Figure A 7. Field moisture determindtion reference method. 
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ml 


f* 








INITIAL 













figure 4 3. Analytica! dotd * rcfeicntc method. 



2.3.1 NuHiPnclaturc. 

rrojiorUon of wuh-r v«|Mir, ^^y volunm, in 

the Crtsstri'nm. 
JI/w-^MoIocnlnr wetpht of wntrr. 18.0 \i/Vf*tuo\e 

(Ifi.Olh/lb-moli'). 
i^^-- Ahsolutf prcs«»!iri' (for this inrthoij, ttarno 

ns batoiiic'tric nrcRsurt') at ilry uas iiu'tt-r, 

intii lin. Iif?). 
7*„rf -KlanduKl Hli8<»hito |jr<-.s^urr, 7U0 mm ilg 

i2U.02ln. Hp), 
i? =M»»uI Kiw conptauU 0 00230 <iiwn (niV/ 

(tr-moU-; (°K) fur inolrlc units aiwi 2\M (in. 

llK) (OT/OlMnoH (°U) for KncliMi units. 
'r„ A!»«n!utp trrniu rivtiiri- ttt nn ti r. *K (*H). 
'i',jd-«stainhird libsolutu li-in|KrHlnn', K 

(W K). 

X'm"*- Ory pas vohimo nn-asurf^d i»y dry "H-trr, 
drm uU'f). 

AV'r, IntTi'MiiMituI dry pas vohnne nn'a?:urrd )>y 
ilry piis nu'tir at I'urh Us^v' Tm* piuhl, drm 
iifrf). 

VwiMdi •0)ry Kas voiuine iiUMisiirocI l.y tho dry Krt« 
nu-tfr, ffjrrocUMi to Ntaucliinl c<mdaions, 
dsf.in idsi'O. 

V^*(*id) Vc)Ium<> of wott r vapur (•n?Mipn<i'd corrcotiMl 
to stvwniard condition*!, scm fwl). 

V»,,iHii. -= Volurno of wator vapor nillrrtrd 1« sllii-a 
jToI eorrrctfd to utamUrd tondition^, scm 

(RCf). 

\*f^»Final vohnneofcondiMisfr water, ml. 
V*»«fnitiul volume, if any, of condfMiPer water, 
ml. 

\y -I-'iaal Wri^'la of sili.'ii in \ or >nica plus 
impliij^rr, \i. 

W, -Itntiul wi'iirld of ^'ili* ;! ^' i "i p'-l i'lu'^ 

itiipmpi-r, tr. 
y I)rv i.^X'i n:» i«'r i-iil(?.rtiin.f. Uv inr 

UiMJ>ity of \val«r. U.^*'IhJ p ui] n.Mr.vnl 

Ih/inlV 

'A ^ \ i t l \\;i(« r \:ip«'r i iMn|ru«i-i|. 



r<]it.uioit 4 1 
vh» r«'- 

A*jc:i>.(>f 1)333 hi* !iil for mi'tric units 
~0 f>l7f7 fi *.ni' fnr KiinliNh uuif* 
23 3 VohiDi** ff wrtt«'r vajxir c(>IU*t'tid in silita 

-Ki(Wf-\\\) 



whort'-. 

/ii«==0 (K >1 33^11 n' R fur moirir un-i-- 
^i).W\ft ft^'K for KnKli'<h uni''* 
2 3 4 Hanipir gas volnmt'. 



KilU:it!Mif 4 2 



(/'«)(r.M) 



/l'J»-n3^f,•^ " K-iiuii Hk for nn'tru- unils 
-I7.6t "J< lit. I!u for Knulish units 



NoTF— If Iho nost-t<wl !(?rtk rate 
c»'ods tho aUowafdo rah*, cnrns t thr- 
Kuuu'inn 4 3. as dfScrihrd in Sii ti ui 3 uf M.-Uiml 6. 

i .'t MoiKttUP ContiMit. 



vh1u«' of r« In 



^ ■/ (»(,)) i ^ " »g i still I ^ m tat'l) 
I MlJUHtlMH 4 4 

Notk| - In sahnatrd or imjisinri' (tHip]i't-tad«'M pftv 
^trlsllll!<l two ('u)« nlailoMH of {\w nioi.siurr (ontonl of tlio 
titock wi< !^haH hp tnadi*. onn mw^ a vuhio hH«;od ujioji 
th« ?»M|ralj'd conditions (s»m' Sr. Uon i.2), an<I an(dhor 
hiwod upon tiio rosnlt^* of tho l>npl>irpr analysis 'i'h« 
lowor oflthi'Mi* two yahm of nUfnW !w cou.sidcr*i(I cor* 
ns't. I 

2.3 It ViTihratlon of ( onstant sanij>Hnp rat«v lM»r ourh 
tlim* iuiri'nii'ut, dotiMniim^ thi* S\\m. t'oU ulato thn 
avcrapc. lf llio value for any time im rement dilTers fro»n 
tlip nv«'r«Re !>y jnore than U* pern-nl, rt'jn t tlie rerfuH'* 
and ri-prui lln> run. 

U. Ajjpritjininti'tn Mrfhud 

Tlie aimroNiumiiou juc-tliod d>'Siil!)"tI ImOonv Is pi«'« 
tinted only as a suggested nu lliod (seo Se« tiou 1:2} 
',i 1 Apparatus. 

.11. 1 l'ro])i». Stainless stei»l orjjiass tuhins, su:liiirntly 
heated to prevent water eoudensalion and etiuijtp^d 
Willi a filter (eitlier iu-staek or iieutcd ont-staek) to re- 
move partic-Tilato nmttt>r. A pints' of Rioss wool, Inserteill^^ 
uilo tile Piid of the prohc, is a sutlsfaetory filter. 

;M.2 Implngprs. Two mitlKet iinplngers, ea*h witli 
30 nd eapurlty. or equivalent. 

:{ \ :a ice !Jath. Container and lee, to aid in coudens* 
iiiK nnii»;tnre in iini)ini't'r< 

AAA MrviuK 'iuijr, TuIm' parktd witli new nr re^ 
U«Tii-i:i'i'd (i- to iO-nn«sh indiiaiinU-tM)»* silica (or 
c I Mil vail ti( ^i^'^^l(■^'lUlt ), h» dry lln' sampli* fix^i an*! to pr*)' 
tiv i tilt' merer urid p'unp. 

M.'t \ alvr. Nrcdle V;\l\c. to reuulsi*" llip simpif paii 

flow iJlti-. 

.t.l.t) i'ljnip. I.rak fnr, dj:»|)hrapn: typ»', or equiVA- 
li nu M) pull tile lias s!\iiipli' Uiroiij-dj llie tram. 

M.I. 7 \oiumc Mieter, Ury Kus mcUT, suiiieieinly pe- 
rmute U* measure tlie siunple volume within '2%, and 
(■;\liltratcd ttwr tije range of fhiw rates and eontlttioiis 
actuidiy • neounicrcd dnrinp sampiim;. 

;*.1.H Jlrtie .Meter. Kotameter. to measure tin- Wnw 
runpr from U t*» .'t I pui (0 to 0.11 cfni). 
y Urttduutcd ( :vhncter. ml. 

:i.MO H).r(Uii"ter. Mercury, anrroid, or <dh»'r imrom- 
eter. as described in Section iM.6 abov**. 

Ij.l.n Vaeiium tJaURc. At least 7ftU nun Hr C30 Hu 
lip) f^aupe, to be Used for ttie samiding leak ch>vk. 

:t.*J I'roeedure. 

Place exftetly fi ml distilled water in eneh lm« 
innger. A.sK«'nilil(> ttio aptiaratus without the j^nme as 
shown in Figure 4-4^ Leak ciiock the train b> placiuR a 
vacuum gauge ai ttie int^t Co tiie fir^l impinx>'r ami 
flrawitiK a vtuMimn of at least I'.'iO mm Hp (10 in. Hs), 
plup^inp tlie outlet of tiin rotameter, and then tucnliiR 
oft tile pump. 1'lie vacuum shall remain constant for at 
ea«t one minute. (Carefully release IIih vaeinun gauge 
Ibelore l.tiplU^u'lltp the pilaini'tiT end. 
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HEATED PROBE 



SILICA GEL TUBE 



rA;£ METER, 
VALVE 




MIDGET IMPtlMGERS P'JMP 

Figure 4-4. Moisture sampling train - approximation method.^ 



LOCATION, 
TEST 



COMMENTS 



DATE. 



OPERATOR. 



BAROMETRIC PRESSURE. 



CLOCK TIME 



GAS VOLUME THROUGH 
METER. (Vm). 
m3 {ft3) 



RATE METER SETTING 
fn3/min. (ft3/mln.) 



METER TEMPERATURE. 
•C(®F} 



Figure 4 5. Field moisture determination - approximation method. 
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9.9.2 Connfciibf probe. Itiiert It into the ttsokt And 
iantp1i> ftt t «Anf<tani rate of 2 Iptn (0 071 efm). Cont lime 
i^ampllnfr until Xh^ dry pa niQter riyistore alMJUt ao 
l\Xm iiA ft») or until vlslnle liquid droplol* nro carried 
over from the first IroplnRer to tho sc»cynd. Boeord 
tcmi)t»rfttttrc, prcwmrc, wid dry gas incWr readings 
rwitiltrd by r wire 4-5. 

3.2.3 After coUcetliig the «imple. combine the con* 
tentp of thetwolmplngmaiid nutiWiiro the voUimo to the 
nrarpst 0.5 ml. ^ . , 

3.3 C'ulviilatlon^. Thi' wdciilat Ion mot hod i»rf sonted is 
dP5l«i!ed to estfinatp tht» molMurc In the stack Ras; 
therefore. oihtT data, which ore only tU'Cossary for oo 
curate inolsturo dctormtimlions, are not coUcctpd. Tho 
following Cfitmtlons adequately cslinm*' the nmislliro 
content, for the punH>so ol dt>t«nuiniMg ..iOkinolic satu* 
piin<: rate »>t tings. 
3.;>.l NomenoUnure. 

Approximate pr*>port!on, by vohnno. of 
water vapor in inc gas sirtsain leaving tho 
hpcond fanpingtT. 0.02A. 
i^y^fsWator vapor in tbo gas st ream, proportion by 
volume. 

jlf«« Molecular weight of water, 18.0 g/g-moio 

h8.0»hAb-inole) 
Pit-Absolute prc5«ure (for this method, same as 

barometric presmro) at the dry r&s meter, 

Standard absolute prci^suro, 700 miu Ug 

(20,92 in. Hg>. 
/^sldoal gas constant, 0,06230 Unm Hg) (m')/ 

(g-molfi) (**K) for metric unite tuid 21.85 

(Fn. Ug) <ft*)Ab>moIe) (""R) for Engllsb 

unltA. 

r«,»Ab8olute temperature at meter, (®R) 
Standard absolute temporaturo, 203'' K. 

V/» Final volume of ixnplnger contents, ml. 
V< -Initial volume of Implnger wmtents, ml. 
V»»Dry gas voltime measured by dry gas motor, 
dcm (dcf). 

V«<«irf)=sDry gas volume measured \>y dry gas meter, 
corrected to standard conditions, dscm 
(dscf). 

V««M<) "Volume of water vapor condensed, oorrectod 
to standard conditions, acm (scf). 
««- Density of water, 0.9082 g/ml (0.002201 lb/mi). 
3.3.2 Volume of water vapor collected. 



Kquation 4-5 



whore: 

Ki=^0.00i:i33 m'.ml for metric units 
^^0.04707 ftVml for Kngli^ih units. 



3.3.3 Otu> volume. 



V P 



K(luution 4-6 



whf^roi 

^t=-0.3fv^h nun Hg for nn-tric umWs 
«=>17.(V1 "^K/in. Ug for l':ngli>H units 



3.3.4 Approximate molstturc content* 

ii ^ Y}^* un 

J;;.' - -+(0.025) 

Etjuation 4-7 

4. CQiibrathn 

4.1 For ihc rcfi'rcnc<' nu'lhod, calibrnto oqulpmpnt as 
Fpoci/led in the following ^ciiokisof Method 5: Hection&.a 
(metering system); Heclion 5.6 (tomperaluro gaupeis); 
and Section 6.7 (barometer). The recomniended leak 
chock of tho metering Kysteni (^^ectlon d.G of Mc'^od 6) 
alw) applies to the reference* method. For the oppnixima' 
tion method, use tho procedures outlined in Si'Clion fi.l.i 
of Method 0 to calibrate tho metering syRlem, and tho 
procedure of Method 6, Hecliou 6.7 to call brute llic 
barometer. 
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METUOD^PETEnMINATIOUOJ ' ■ ■ rVl.ATK EmIHHIONS 
FliOU STATtONAH) bJ> UCK9 

1, Princlph and ApplkablHty 

1.1 Principle. Particulate matter is withdrawr. Iso- 
Ifinetiually from the soivco and collected on a glasA 
libor fUter maintained at a tnmperatiire in the rango of 
12(>±14« O (248^:25*' F) or such othtr temi)craturo as 
specined by an applicablo subpart of tho standards or 
approved by the Admiuintrator, U.6. Envirotmiental 
Protection Agonoy, for a particular application. Tho 
particulate mass, which includes any material that 
condonses at or abovo the nitration temperature, is 
detormlued gravlmetrie:Uly after removal of uneombloed 
water, 

1.2 Applicability. This method is apnlleablo for tho 
determination of poiUcuUit^s emissions ivotn stationary 
sources. 

2. ApparatM 

2.1 Hampling Traih. A srtieniaiic of tlie sampling 
train tiged in tliiK niettiod is siiown i!i Kignr>' h I. (*oni' 
pletc construiilion details are given in Al'Tl)-058l 
(fetation 2 in Section 7): conuncriiial models of tliis 
train are also available. For changes from APTD-ttSxl 
and for allowable itiodlHcations 01 titn train shown in 
Figure 5-1, see the following subsections. 

The uperating ai^d iimlntenonee proceduri»s for ihe 
sonipllnK train are described In APTD*0.576 (Ciiation 3 
in Section 7). Since correct usugo Is Iinrwrtant in obtain- 
ing valid results, all users sliould read APTI)-0.'>7Q and 
adopt Uio operating and maitUenanoe procedurt^s out- 
lined in lt> ui»li'.<is otiu»r\visi* sp*'rith'd hi-rein. Ttjo rum- 
pling inun sisis of ttio following k'Otii{)<>n< iils: 
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fITOTTUBE 
PROBE 



RATURE SENSOR 



fROBE 

TEMPERATURE 
SENSO9 



IMPJNGER TRAIN OPTIONAI. WAY BE REPLACED 
BY AN EQUIVALENT CONDENSER 



HEATED AREA THERMOMETER 



THERMOMETER 

/ 



REVERSE-TYPE 
PITOTTUBE 




CHECK 
VALVE 



VACUUM 
LINE 



PITOT MANOMETER 
ORIFICE 



VACUUM 
GAUGE 



THERMOMETERS 



MAIN VALVE 



DRY CAS METER 



AIRTIGHT 
PilMP 



2.1.1 Probe No2rie. Stainleis «t«el (316) or glass with 
flbirn. Unered taUng edge. The AQgie of tai)er ahall 
ST^^ the tSwahiSl be on the outtlde U) prefijjrve 
roofStant intornaldiftmeter. The probh norele shaU bo 
cf tSbutton-hS5k or elbow desftn. uuless otherwise 

SKI the nottle ihaU be constructed Iroro soatuless tub^ 
tne; other mfttcrlate of construotton may be used, lubjeot 
to the avpro'^al of the Administrator. . , . 

A nuSe u\ nozEle sites suitable for Isokinetic sampling 
should be available, e.g.. 0.32 to 1.27 cm ai t^J'^Jn-J" 
oTjaiSeTil higher volume sampUng trains 
inside OiBmeter (ID) notriee in Incrcimonls of 0.16 cm 
(wi fol). Kaoh lio^ shell be caUbratcd according to 
the DTOcedures outlined in Section 5. 

\ 1.2 Probe Liner. Borosillcate or quarlf glass tubing 
with a heating system cabbie of '^^Intolniirip a g^^ 
pomture at the exit end during sampling of 120:^U O 
(248:^26*' K). or auch other temixjraturo as spcclUed by 
in applicable subpart of the standards or approved by 
tJ^AtlraiiUstratorfor a particular application. (1 ho 
" stc^TmSy KoUratc thVodulproent at a temt>oralure 
lower tto tVarsTK^ ei»ce the actual torn iMjnUuro 
S oullet of thrprobc Is not usually 
sampling. prolMSS conavuctcd ^ccordlm; to AI T,>-<^^^^^^ 
aSd ullhiluc the calibration curves of API I .^•'i^O (or 
?SlbraSd according to the procc^duro outlined in 
AP I" l>-057tt) Will be consl'icrod Bccoplublft. 

Either bor08il!«.te or qtmrtt vSi^- ^'^^^^.^^V^^'S^^vs 
used for slack lemperoiures up to aDoiU 
iiuarti liners shall be used for :cmporainfM between iW) 
Si^oSt^ C^9(XJand 1.650- F;. Both type, oi annrs may 
be luied at hlplier tPiuperatiuei^ ihari «f^" od lor ^ rt 
pvrwdi^ of unie, subject 10 ihe ai.provaf 01 the Atln uni.^. 
Uaior. The softening tomiwruinre /"^ boros lu^f b 
K2i>° C (1 .W F). and for ntiartf i! !> l.50« C (.,.3^ t ) 

Wbeneiur pracUral. evet^ etiort shouid bo made to iLs« 
boVcHilVtale or quarti ghi&s prubo .Int-rv. AUernauv.;ly. 

itjrrosiun rasislunl meittlh» mad.* of *4mllt^<• ";»JV 
S mied. subjuf. 10 the ^i»proval 01 ibe Admnn> r u r^ 
liTI Plloi Tube. Type S. a: duscrlvoU in f 
of Method 2. or other deviuo approved by the A<»n»'y-^ 
irolor The pilot tube ^hali be alwrUed to ^\\V fll. 
flliown in Figure .S-1 j to allow i^nsiftiu nioiiitonnj? ol ihe 
. Sack ca> vX-lly The unpad (high pret^iurc.; ojiening 

MeiUH.n 0: trad, tiame.^ or ^\^^ t»rn.Inri -J^;;^ "'^l 
Uon Agency. 



Figure 5 1. Particulate-sampling train. 

plane of the pltot ttjbc 'ii^" ^ ^Tej,^^ ^ifihf'dSrlJS 
nozzle entry piano (see Method 2. ^Ig^e 2-«b) during 
gampUng. The lYPo S pitol tube Msembly «ha^» « 
^wn coefficient' determined as outlined In SecUon 4 of 
Method 2. , ^ 

2.1.4 Differentia. Preaure Qftuga. Iwiilned xaanom- 
fiter or equivalent dev v . awo), as ^bed hi Section 
SSof MeUiod 2. One manometer sMall be used or velocity 
h^d (A?) readiugs. and the other, ior oriflce dlfferonti- 
pressuri readings. , , _ 

2 1 h Filter ilolder. Boroallioate gloss, with a gwM 
frit filter Snport S a silicone rubber gasket. Other 
SJterl^rs SttmoUon (o.g.. naluless .Teflon. 
VI ton) may be used, subjtvt to approval of the Ad- 
mliStmtor^ The holder diilgn shall provide a pos Uvo 
^hwSnrt leakage irom th*? outride or around the filter. 
The 6^dw shttU be attached imm«Uately at the ouUpt 
of the probe (or cyclone. U used). 

2 1 6 Kilter Heating System. Any heating system 
capable of maintaining a toni peraUirr aroiHid t^^ 
holder during sampling o. UOrtlS" C (J4»tfci.. t). or 
"uch other iSrai)cr{uure as siKCiil.d by an 
subiiart 01 the standards or opproveU by the Aaniliil*- 
Irator for a particular application. AllfmntivHy. the 
tester may opt lo operate the rtjuipnipul ul a Ifmpom ur8 
tower llrnn tWl '^iHJflfie.l. A l»*"tr'Vo''-?.T t^^m 11 
of nieaHuring teni|>fnuuri- wtihln . 5.4 H ^h 
b«- liismllfd w that ihe letnprraiure anmiul ih.- tUh r 
holdrr ciii bp rogulalPd and iiimiUor.'d aurmi: **i*'''P;'j;2- 
llpaiiiu: systems "ihrr Iban ihc oiu* sliowti In A I \u- 
0581 may toe u«i'd. 

1 7 C otidi'.JJMT. Th"- foUowlnn sy-trfu shall Im- tpi'I 
to d'aiTmliio thr stark Ka> iniii-<iiir.- n-iiinil: I-<»nr 
inipniK'-^^ cotui.rud in sm-.-c \Mth iaik ;ri-.- lTouh-I 
Clivss lUtuiRs (.r .itiy s^^^^u.^^ ' u:. unii-<-.iiiliitii'tiii 
miitiRs. 'llu- lirsl ttiir.l. ami Inurtli i-ui-inC'-rs slu-U l» 
ihr Urniiburii Simih (l.-i>iHii. ini..lititM »»n ri-[ U. ii'K 

* with th'- -^laihiiira ».|». Mi.iiiiu-.aM.M> .t.K-. ii>u.t- ll. x » 
Cinm.vi.oM. iH-tvvni. tlf i!iM..n>:«rv u.mn unauuK 
(.lh.:rUIaM^:hw>s...rM^UluMl.■^.l.t.■-.MMUllMlM.<-l..rn:j^ 

Kks Wv JH>i.rovMl (» \W All. ..u.ilnr. I h- I rst uir 

waur iS:v;,..,r4.l.:n ih- th.r.l Av.^V. W .m,.|v .up IUh 
f..;irlh -Imli c.ml viti x\ kn-mn .v.-.^rhl ..i Mhni vi--i. -if 
iMiuivulvut 0'Ma:ua, A ih^ riium.tl- r.iap.tl. in. .ant- 



ing tempemlure to within 1« C F) 9hollJjf«J?M 
at the outlet of the fourth Implnger for monrtortng 

^"Xltm^atlvely. any system that cools the sample w 
streamed aUows lioasurement of the wattf condenjad 
and moisture leaving the condenser. «ch to wUhln 
1 ml or l g may be used subject to the approval of th* 
AMimtor A^ptable meo^ are to m«fure t^^ 
condensed wat ^ either gmvlmptHcally or volumctrica^lv 
STid U) nieas* d the moisture leaving the condensor by 
ni monltorina the temperature and pressure at the 
eJUtTthe S,n*donser sndTuslng Dalton^ law o iwrtio^ 
p^^sures; or (2) passing the sample gas stream through 
a tared illca gei (or equivalent dcslccant) trap with 
eilt ^ kent ^^^^ ^ ^ ^^"^ determining 
% m!SS^ oul^ than silica gel are used to determine 
the flaunt of moisture leaving tho condenser. It js 
recommended thai - Uca gol (or etiulvalent) still be 
iSed bAwuen theeoadfnst;r system and PUrnP.^.P^.X^i 
moisture ctnidonsatlon In the ptnnp ai;d "^V^^^^^^J « 
and 10 avoid the ne^d tc niakt- corrections for moisture in 

the moUT^ed^ of the particulate matt. t 

CO IWPd b. the impinger^ Is dt^lred In »*,^daion u, mm^ 
lur cnntftil. the Imph.r'or system dfjcdbed uhovc shall 
• i^rd. wUhcmi moiUhculton. indlvidua. •''tm or 
cortn.l ugrncK* re<|nltltnf ihl?= information ^^ul e 
r(Mit;u-ii-(l us 10 ihi' s;ijnple n-covc-ry and analyiii. oi the 

M H M. t. rh.R Syslrm. Va< iinm gangp. leak- roe 
iiilinp n'i.rtnoiii. i«-r^nipabh n} iii.-.vsurmK trmiHTrtture 
■ Al hm .r < ivr K)..lrv w n,. li rrii|«ihh" oi m^aMUl.ig 

'h.iwn 111 l-ignn- -.-l- <»lh.-r n».-t.T.iir. svM-ms nipuhl-- of 
riamtriiiiiioi '^ut.iplinjl rrtti'.v \Mihii. lU P^-rnMit i.so; 
L.iHUf iiii-l 0- ililrriiiinlMi: Hiunpl. v<)min."> to wjilmi . 
,.,.nrtit ii.»> I"' MS-d. sMlvri i<» thr up|.r<iv.i: n the 
A.lminKirator. Wli-n th-' Mini-rMii' <tvUrin 's um,. .ii 
uMVj.m^^^^ .. fiint HUM-, ih.- sy.i.-m i^lmll enable 

i-l ivk' isnkii. 'Uc r:it'*s. 

- ;t,.l.lM.^:•rn■lMl^:l./lt.KtllH^rll»l;^vsu•msfh■^l«lK^ 
h.,.l,.r I'.nKv r.ilr. U. w. th;il <l-.Hr:.lH.l in Al I l)-0.,M nr 
Al' i n o.Ti, ni:iv Vv u.srd |ti£)VHlivl ibul Uir spirilUa- 
iidiiv M ihi' im liwKl Jir« oH't. . v i 

1 \\ iriHiici. r. NhTi iiry ftiHToKl.nroUu'r l-rtroni-Mor 
Pil.-aili i: i;if:i.siiniin uUiinsi.li.-rn- {•r<'ssiin' lo witU.n 
Ml lU «0 III H^!i lo itKuiy niM*s. ilu- biin-rnHMC 
v.. -.in. I' -li iv I- ..l.t.UM'M fr.MU H iii'Jirl.y o:itii»im! w.^itli.^r 
s.MM- I li "o M> vWi.. h ilo- sUition value (vshuh is 
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t!n ftb'^olino harmiiflii*' |»M-.v.ur» ) .shall ho fN|lK^t4^i ftn<J 
ttii utljjfciiintnt for elovalloti <tHf«'rcTioiv^ b(4wcnn Iho 
wi^sttlM-r Httttioii and sJimplliifi pgnt AaU br anplJt'd nt A 
r:it«« «»f iniiiuf L'..*! iiitit H|? (O.l fl^JIg) por 30 m (100 fl) 
i ll v;ith»n Mu'r«'oso or vloo vt*r«!i tor Hovritloii drorms**, 

2 1 10 (Irw Dnnsity Dct^'rmhmtlon K<|ti!pm#>nt. 
Trmporattirt* st'tjsor and nrP5siire ftaupp, as dpsrrllwl 
ill 8t.vtion?j 2 :t rtnd 2.4 of Mot hod 2. and Rfts analyuT, 
if ni'ivsi^ary. as dea rlbod Iti Method 3. Thf ttunp^'rutiiro 
srn^nr shall, pivfrmhlv, l>o j>»»nnan»'iilly atuirhid to 

pltnl titlif or sjiinplinj: profio in a fixed nmnKurauon, 
such that thftipof tho "^^n^or fsirnds !M»yoT)d the loading 
t'ti^fi of tho iifoiio shoath and dops not toitfh aity metal. 
AHornativoly. the soUNor may hv utla* hi'd Just prior 
to nw* in Ihr ilHd Not**, howt'Vt^r, that if ihv h»nipcratun» 
?;rn*or i:^ aitai'hrd in tho tii*ld, th<» ^rii^nr must hv p':;c<'d 
in an ititorffrfiuT-frpo aiTai»n«»nM'!il witli rosmu'l to tJio 
Typ»» 1^ pilot Uihv oni'filn|!s 'mt Mrlh<»d 2, ViauTv 2-7) 
A> a <«'tond aU<Tnatlvo, if a diiWrnt o of not »»orn than 
1 piTt'oiit in tho avenic<* v«'!«n ity nuuMimnciit is to bi- 
inlrodii« <'<i. tiio ii'nipi'riitnn' jjunftr tu'pd nut br attai ht'd 
to tho probe or pltul tn)»n. 'Thin aJtornatlvi» is suhji'rt 
to tlu* approval of tnn Adtnini^trutor ) 

22^Sauiplr Ki'covfry. Th^ fullowit»« Wvim aro 
ntrdfd. 

22 1 Probp-IilniT and l*rob«»-No77l«» Bnishr.s. Nylon 
ttristip bnisiips with stainloss stwl wire ImiidUN. Tho 
prob<> t>nish stiaU Iiavr f^xti'nsions (at Ira^t as lonp as 
the probo) of stulnW'ss stcol, Nylon. IVflon. or «linHflr!y 
iiwt niatiTjal. 'Die hrwshps shall bn properly sizinl and 
fihapod to brnHh out tho probo llnor uml jhizzIo. 

2 2.2 Wash Hottlos— Two. tllass wash bottli»s are 
nuoinniondoi; twlyethyl^no wash bottles may bo us»>d 
Rt tho option of thet«v«tor. It isrri-onuui'ndiHithatwTloiio 
not ho hiorod \u polyothylono bottli's f»»r lon^or than a 
month. , , ., 

223 (?1h.ss Sanijlo StoraKo C'ontalnors t^homlfally 
iV^istant, luirosiluato platw Iwttloi?. for aootono wa^hos, 
.'jijnml or 1000 ml Hi row rap linors shall oil hor be rnbher- 
ba* kfid Toflon or shall bo rofjHtnn ti'd so a.s to bo loak-froo 
and re.sistanl to rliomiral attack by aiotc^ne. (Narrow 
month gla'is bnttlos havp boon fonnd to bo less pnnio to 
loiikugo.; AlU-rrmtivoly, polyi'thyloiie liottlos may bo 

"224 VvUi Ul^h«'> For lUtpf saninli's, yla-^s or 
othylono, imlos'^ othorwl.<o sixHilled by llio AUinin- 
istrator. 

2 2..'. Urftil"iat«'d CybmJrr and or Holanro n» inpft*;- 
tin' ooMiIriiM'd WtttcT to wilhm 1 ml or 1 p irra<lnJitiMl 
rvhndors .•ihftll hiivo snbdi visions do t»roal«'r than :i ml. 
Most laboratory balam i-.-* aro rapahlo of woiMhinp to tho 
uoaro.'it U *« i! or li'ss. Any of tho^o bulam os i.-i «iuitabli' for 
u>v hiTp and tn >^i'rin)ii ;* 3 1 

2 2 0 !*la<tir ^^tJjrnt!'' Coiitainor^ Air-fijrhl 1 f»iiniiiu«r!? 
tiivUtro'^ini'ap'c. 

2 2 7 Kiiniiol ami Knbbtr I'lilmrr.an 1 1» aid i*' 
Ifrtnsfi'f of siin a f!«'l to i'iiiitaiii»T: iufi in i i'>^ia> If .'^liu'a 
\.'v\ is wt'iiiliod in I ho lii'ld. 

22 H KiilUH'l Ula»or pnlVithlt Mi . tn itJ •^iisipli- 
ri'i nvt-ry 

2-1 A'i:i:v*i- K«.r ai.:i^>- f"-i' ■ ''I 
t..-.d.'il. 

\ 2 Hi'sii I iil'-r 
2 a ;i Aorii>Ii'tiI Ualai-*- I" -ii ■ " = ■ ' 

.' M llilliiiiio 'I II ;w''".ii» t.^v^'^li "-' i' 

:{ 1 lli"fiki-f> J nil 
2 .'t.'". ^ty^•ro?ln■trr To iiii-ii -in- 1 1.- i' i ''. i-i'y 
of liip lulHtrutory i'tivir«»ii'i.»M,t. 
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n.n Anab-oip, Two ro^igptitfi aro fpqulrod f<«r thi- analy* 

m; 

Acctona. Same as 3.2. 

3. X2 l>cslc€a?it. Anhydrotjs cakitJin fiulfato. bidlcat* 
Inp t)po. AUornativoly, otlier typos of <b\Hicoanti» may bo 
usK'il. Mibji'cl to tho rtpproval ul tlio Administrator. 

4, rjocalnrt 

4.1 .*<iimplinK, Tlie pompli'xity o' thi:< t«i.'t)jod iJ^.'^in h 
thui. ill ordor to ohtftin rollnhio rVsuliK, t*'i<lors shunld bo 
tnunrd and oxporh»ncf<l with tho to,st prom!uro.s. 

4. M J'rttPfiit I'rcparatlon. All tho coniponotitfi sliall 
bo niuiiitiiiood and onUbr Mod ftororditiK to tho procoduro 
l^(■^sl^l»»('d in ArTU-0f>7iJ, unlo.<}t olhrrwiso spi'i'iliod 
hr»'. HI. 

\\ v\\ih s«'viT«12O0tu'iO0n poriKinsof 'iiliH\pi'l In uir-tlRjit 
i'on1:mM'rs totiip iiraro.^t (l.fig. liorord thp total wcljrhtof 
thf ^llit'a fiol plus (container, on ot!<'h i'otitnin<T, As an 
nltrmaiiv". iho silira pol n»'rd not In; pn wi-iKlird. but 
muy hv w»ifrli<'d dir(H'tly m its ImpliuMT or .smnpJing 
hohli't Jn>^t prioi to train as.soinl)|y, 

< Mn i k fllt'TS viMially apaln."*! Hpht f<«r irn-^uhuit jr.saod 
tlijws or pinhole loakh. I^abrl Illtors <»f I ho Mniprr diann'tiT 
on till- Imok sido near the odco ti8uif! ininiht-rin^z much!n«) 
ink. As an altonmllvo, IuopI thu shippnic oomaimTS 
(^la.''.'* or plaMio potri dis!n*s) and koi-p thf iiltpis in th»'5o 
I'nntunu-vs at all tnncs oxcopi durtiiK Miinpiin^; anti 
woijrhinif. 

])fs|ri'a{0 tho filters at 2tid.'».ti' C (tiwtltr- i'') and 
ambKMit proviiro for at h^ist 24 hours an»! wriph at ia» 
t.'rvais of at h»aM 0 hours to a cfumtnni woi^ht. i.o., 
<U.5 nm t'hanffo from provioiw wrlnhlnfi; rvooul rtvsnlts 
t«» thr noarrst 0.1 m«. Piiriim oarh woij?hinR tho filtor 
niij?*t not hv o^poM'tJ to thn laboratory attnosphi-rr for a 
pt riod ifn-aior than 2 niinutw and a ri'lativp humidil 
abovf W port-out. Alternatively (unloss othorwi.sn spooi- 
fiod hy tlio Adminltirator), tho nitors may bo ovon 
tiriod ui la**** C (220^ F) for 2 to 3 hoiira, d»«lc< att'd for 2 
hours, and woiRhfd. l*nir€duros othor than thoso do- 
s. ribotj, vt'liidi ac'Otijjiit for rolalivo humidity ofTootj*, may 
bo used, suhjfct to the approval of the Administrator, 

4.1.2 I'ri'llininarv Dotmnlnations. H^Urt tho earn- 
]\hu]i sito umi tho ijiinirnum mimbi'r of samplinj? points 
anorihnn io Mot hod 1 or as spvfiiipd by tho Administra- 
tor, l>rtrrminp tbu stack -jcoyun', tfmporatuio, and tho 
fan'.M of voloc'Uv b*':iilsusinc Mrthod 2; it Isrornnnnmdi'd 
that ft li'ak't li«'i'k of tho pitot linrs ts»'t' MrMmd 2. Soo* 
tuMi A.l- In iHMfornifii. I >< l*Mn»itj»' tin* n i'isiur*- conti'nt 
n.^iiiL' Aiipnimmation .Mt-lliod 4 or i:s iiHitiuUivps for 
thr pinp'tsf *if in; kmii i^tJKini'io' s.itnplitiif ran- si'itinp.'*. 
ni!triii:nt' t!"* .sliuk iriw- tiry imiliiular tt' lRht. a»i df^;- 
TitiMl ill M'llmd 2, Si. tiiMi .{.f.. jf iiitc(irJttt'<i Mi'lhod 
s.iniphiic isn^t'd for :iiiili < iilio vm aihi dfit'rnntir.tion, th*' 
iiitfifrilft'il stiliipir sliitlt bP tr.ki'ij MJiinH!\ii»''insly 

w'.th. and for fho .^.itnt' idtu) I' i -nli itf :itti(- a>, [hv pur< 
tn nhiii' saoipl'* rnn. 

Si Ii-i I a ti«i//.li' .si/f h:u^«'d on U"- r.iiijir of vi ''n*ii V hi'H Is, 
'*il* li iha' it i> iiot nf ti ^^';:ir\ ui i-lnint:*- Ihi* m«i//.1'' sI/p in 
luiliT :i) iniiiiifMin i?iiiknii''u- samphnu run s. I Hiriim tho 
tUi imi liunirr i^k-. ni>"/./'«- -i/i'. KiiMin* thiU thi* 
pr.ip- r iliib h iiii:i! |tir.*>nrr u.oij.;*- 1- \:U-is* u V'T tli-- r:iia;i' 

nf vi-Im'.Iv Ihm'In i-tt.i.lMlli Inl .^i i* 1 '.J of M'-l Jiod 

:■ ■ t ;i ^i;ii jli'i' pr-^'- Iiiht .uid pr-.l- i' l.^i'i .-u- i; ih.-.t 

ill trjjVi-r'-l' piniit> iliM III' .^Mllijiit "i. l-nf \:t,Ti:i rMik"-. 

-i.l-r >vin|'i|ii!: fn.r;! f ppii-:l«- > < f H.. k to 
I tin I' 111*' h iivrt 1' of pH'b- >. 

*-"i li'rl II I'M III ^^:Jn■pll'iU• tiMji* rr- r J i.r iipliil In 
!l.i- l';iMi:iIlT.l t«'- tl '•.llHpIl..».' I|l:ir -( 'ti-| I.- . I Ml I?:' t'.-l 
prfH . .Inr.--^ Inr !!n- J-p** -'ii- llnlM^i.* 'M-'i Ifn^i iH Hi'' 
iMi'. :t u ti"ir ]- r pi'inl I' 'I'.i |i- -* J II ;:. :iir s.»ii'i»> 
- t ■ - H.- 1 1: J . ^.i! \is -^iHi pcd J-\ I lit- Alp'., lii -I rii!»r , 
.-..1 ' iii" .: mi:. v.>:r;- -.. t.:i, '. ■ ■! i • *■• i t " ■ d 
= !.- ■. .\ lii ■ . ■ I- i [ l:i I' ■ |ii I'M ■' i: n. t »* i: 

, • .. . \ i-.i|'. .- "I ' .■ M' Il I ; f .1 ■ i •• ■ . .1} {■'■ ' ! = 
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a«'talls niht-r roinifctiog sysb-m.*; nsiiiji l itht-r .ilfi .•^hjin 
!<\«<s stool or Tollon fornifo,s may bo nsod. Wh4«n iiiot*il 
llnors aro us4»d, inHtall tho iiomIo as abovo or by a loak- 
froo dirot t mochaidtal ronnoctlon. Mark tho nroljo with 
lipal rp5i>taiit tapv or hy somr other motliod to dnuito 
tho propor di.<tiin< o into the stark or diut fur oai h Fant' 
pliiK? point. 

Hvi IH) th«j train as In Figure /i-l, n.sl!a> (if iieoossary) 
a very llpht coat of slHooni' groafio on all iironnd glass 
Joints, prt-asnii; only thount«r portion im-o AI*TI)-tl.*»7iO 
to avoid po>^^ihill1y of (Ontundnution by tho .':ili<<nio 
projw^o. Snbjot't to tho upf>iovaI of tho Atbi'lnlstmitn-. a 
RlasM cyehHic nn'y bo usi^d botweon tho probo and hit or 
noJdor wlivn tlio total partlml.dp ndrh h i-xpi'i n-d to 
oxtoi'd 100 juK 01 wIk'O w ator droplt-ts aro prr.^riit in the 
stnok ijas. 

Pla< I'rru.Hhril i« o nronnd tho fnipinpt-rs. 
4.1 t Loukd'hiK'k I'nK'odntPs. 

4. 1. 4. 1 J*rotost liO»k-( 'book. A n^rt«'^t lo:ik"hi-. k i< 
riM'onnnondod. hut not rotpiirrd. If tho ti'stor opts to 
poiidm t thr pii'to;*t Ir«k-<'hp< k, tho follow ioK pr<^n'dnio 
shull l>pniiod, 

Aftortho sanipliiiK train 1ms born a.^^H-mhlpd, turn on 
ami sot tho liltor and t)ro!>o houiinj»}iysiojnf^at tbodtv-lrod 
oporatinp toinporatni. • Allowtlnio for tbrtpiiippratiiros 
to stahlliEo. If a Viton A <)-rlng or othor loak-froo ronnoo- 
tlon Is usod In iissomblinjJ tho probp nn/.y.lp to tl.o jirobo 
linpr, loak-cbpck tho train at tho suntplinu tiito by pln^- 
jjinj? thi' m)7.?.lr and pnlUng a 3*<n nun Ifg (I'i in- flj^.^ 
vat num. , , . 

Nt)TK.— A ItjwiT va( iiinn may be usod. provldod that 
it IS notexooorird dnriiiR tho tp>i. 

If an apboiitos strlnp Is ns^'d, do uiA ronnpj'ttho probo 
to tno train durlnu tho loakM'hrok. InMoad, loak-rhp(k 
the train by Ilrst pIupKinK tho inlot to tho lilte holdor 
(ryolono, If applli-ablo) and pulIitiK a mm (in in, 
JIr) varuuin (.see Nuto innnodiat^'ly abovo). Thon oiii* 
noot tho probo to thn train a)jd loakM'hot k at about 
mm Hb(1 in. Hp) vwimni; nltomativoly, tho probo may 
)o Jcak-cbot kod with ihi* rost of the sampling train, in 
one Jttop, at «>»rt*mni Uy, (l.Mn. Hp) vavuum. lioakajyo 
rato.s in cXi'o>s of 4 pi'r*'o»»t of tho avorago sainplinp rat*^ 
or 0.000.17 inVmin (0.n2 ofin), whipbo\or i:' loss, are 
unaci optablo. 

Tho lolIiiWiiip Iouk«i hoi k liistrn»'tioits for tho sampUnf? 
train dosrribori in Al'TI) H'.7r. and APTlMC.Sl may bo 
hrlpful. Start tho pump wUh ItypUNS valvo Oilly opon 
and roarso atlJn.M Vaiv»' M)niplotply rlosod. ParJi.illy 
opp»' till' coar.'^p adbiM Valvo itnd sUjwIy < ki.wp tno liypius^ 
valvp mitiltln'dj'sirpd va« nnin is ri'a< hod, I)<inot ipvp»-v 
diroi lioti of bvpa.ss vulvo; thi.s w llhuns' .van-r to t>rt« k 
lip iiiio thf lilior bnldor. If tho di-sirrcl v:n nnm is ox- 
<iH»di d. .'itbiT l»':ik-iht'' k at this hijflior vm ninu or rnd 
thr Inik t lin k as shown boUiw and .^t.irt ovor. 

Wh 'tl tlio loiik" ht'i'k i.s ronipU'tpd. Ilrst slowly rrjuovo 
tho plni,' fn»m tlio iiiltt to tho pniho. tdn-r liohh-i. or 
r>t'Ii)nr i>f ;llipli"ihlpi and nntt:i'«iliit»l> tnriJ {.ll th«* 
v'lM i iiin pniiip. Tlii'^ pit-M'iilMlir \\ht» r m tlir itiipinf-'« rs 
from IhinL' fiini'il l»;ok\sard into flu Idtif Imldrr imd 
stiii'a Mi'l I'-'Miii lii'inp ciih^'MK'd b i>'k\N.nd into thr ibiid 
iiiipiM;.'t'r. 

4. 1. -1. 2 I.r.ik-t 'ho- kr I >in iiip .^.:«il»pl»' U'Mi. If.dUtitip 
Iho s:iiiipljM>; run, :t rtunpimriit (o p . l:'i^'r ■\<sv\' \Ay 
or ihipnipi'V i lrinu'i' lun-oirr.'^ n*'' i }• -.ii y . w hMk*(*h''« k 
-••hall bo .-.liidu iujOM-iiiiilrly lirforr Hip i liaoi-p t.< 

Ui:idf. Thi- li'ik-t h'*'k shnil bp d'nn- : r^linp tn l|:<' 

])roi'«-d".r" tJiill.frd m ' lion i I. I.i nhnsp. rx- opt ih:it 
It sh-iMlir dinii- :vl ;i V-nMilu: f«p l;ll !<H'r urp-.l I h.if: th»* 
iii.ixm.niii viili'f r«t"Mli d n|i lo lh.>i point \\\ i»n- n -t. 
if I hp l,':ik:ik'»' I- ill- is f-.iind 1«i hi' I Ml i-'ii" ili'I ti. ;ti ii.t'tm*.? 
til- lIl.Mi (O.l'l' t Hit (ll J pi-n «|it i.f lliP i\ i I a;«- iiirliio^r 
r vlr {whu In--. I r 1^ |i- I hi- u- .-i! : ». m i- . i-pl ihn-. .fd 

II, 111,!- V ill :.'iil t.i .i; ; In -l tti Mh-Ii.I il v-'N}' 

I if i|l > o n ■ ) I d iV n.}s\ i'\.T . ,\ lijrlji-r ;k -I'' f .'.« 
1. 1,1.1-,; . .1. I;:.- Il- N f K .11 . H'liT i'-.- I'-.l. 

I ,1,. .- .1 I ] ,:. 1i: . - Ml-. i':.| l.' -.-.InM i> 1' -u :• 
..:,.! li. n...d, 1.1 -!! M-d ■ • I I? 
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T>Uot' i«pe and pim m mv^ 



mlmiUR difocllv l»lolhet?as sih»Am; Uniiuaifttoly «iuri 
■ ihfr minm nnd ftdjun the flow^ifl ijMkiu«uc^4)ndUI(>n8i 



oomputftUow, Tho» nunu^rftjUw Rro tlcylgiicU for uno 
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fl.ntt^ht of impingor ^UMU), Iftko l Uiv l<) rlosn tlio k'0'\\-^Q 
udlust vnlvo boforp InsorllnR Ihf^ pn>l»t» into llm slm k lo 
prcvo it wator from biukinR into llm IlHor hoUli^r. If 
ninrVsjiry. Iho pninp nmy bw liirnod on wilb Iho coflrso 
hdjuM vftlvo closeil. , , i . 

ttlu^ii tho pvobo is III position, blook at! th(\ opoiiiiiKS 
Afound U»« ptobo pnrtlu»lp to prcviMil ontvpiu- 
sontalivo dilution of I IJORtfe slawiK . » w *i i 

TmvoiSJ^thoNlHt k cross'SiH-Unu, iv^ rronirod by Motlmd 
1 or as sppiilli'd by tlio AdoiinlslnUur, bi-lns: t ftn»ful not 
to binnp tiio pvobt* no/zlo iiilo liio stiuk wulls wIhmi 
KAtiipHiu? MiniF tlit\ walls or whon roin«»vliij! oi insortiiip 
tlin probo tiirouglt th^ porlboU>s; Ihis uii!iitMl/.i\3 lUo 
cliunrr uf oxtinrliii}* doposhod ini\l«T!rtl. 

DurinK Uio tost nm. rmiko ppj iodic luljnsl metits to 
k.'op tlu^ lrnip'*i!d!jro nroniid tho llllcr boldor nl thn 
propter li'Ypt; add umro irP and, If iwussary, sail to 
'.iiaintalii a tiMiiprralum of lo{« tlmn '-'n^ (r,s<^ K » at Hio 
toudoiisrr-sillia prl otitlol. Al^o, pc-rlodi' ally ciuvk 
tlw Irvol aud 7t'ro of liif» nii\noiiu»tor. 

if iIh» pivjv-^nro drop arinss Uio llUor biM'(»!\ios toti hiRlj, 
timkiti(^ lM>kiiit»Ho winiphiiK [lulunll lo luaiiitalii. Ibo 
IHliT !nay hv loplauMt in n\U\si of a »MutiU> nin. It 
js nvniinnnKb'd tlml anoihor coMiph'U* llUi»r assondilv 
hi' MM-d liiihiM' tlian attiMuplhiii to » liani!i» thp imcv ilsMi. 
Hi'fiuv a iipw nUt»r rtsM»niI>ly is iiistallpd, t otidnol a Irak* 
s lii'i k (soo SiM tioJi 4d.i.2). Thp total parlliMtlatc wpiuhl 
silmll unliidp the sunimalion of all IdtPtftHSOinblyratcluy. 

.V shu^ln tmin shall bo \Kspd for the entire samplo nuk 
..p{ ni I asps wiiMp sltuuUaiiPons sainplli'g Is ronuin-d 
in two or inoro spparalo duels or at two or mote dillprpnt 
liit'tttioiiB within tho same duct, or. in oasom whprc ^•pIlp- 
!nont falhiro nooessltatM a chanKO of imlriR U\ all othrr 
.'iilttatlons, llioiisoof two or nioro tiniiiswill bp subjot t lo 
the approval of tho Admiidsliator. 



FlQuro {)-2i Parlicuiato field daia, 

Nuto that wbon two or moro trains aro iwpd, soparato 
ftualysivs of tho front-half and (If appilcablo) impinKi^r 
wdwhaH from oach train shall bo porforniotl. uuIpm idpiill- 
pAl nozf 1p sifos warfl lUMOd on tralna, In which cjifto, tho 
frontdmlf pAtchixs fron^ the I'ldlvldutil trains i\m he 
coHiblnpd (tksniay iholtuplngof patolioe)fttulunpftnftlyHls 
of froril-brtlf catch a!id ourt ftindyuls of linninKor catch 
nmy bo porfonncd. ('oniadt with tho Adndnistralov for 
dotalh concorninj; Hip calcnlalioii of rt^iinU^ whon two or 
biorc trait^s aro nupd. ^ , 

At tho Pud oi \ ho samplo run. turn ofT llu» rtmrso adjust 
valvp. rcniovo tlio probp and luj/zlo frt)ni llip stat k. mn; 
olT Ihp p.nnp. m'ord thp hnal diy I'jvs im-lcr rcftdinK. aiul 
idOdncl a post-test Ipuk-i'Iicck. its oiitUniMl lit SiMtlmt 
4 I » ;i. Also, Icak thcMk thp pitnt liru-s an ilrsntbcd III 
Mciliod 2. v^Uh tiun.'M. Ihphutxs nuist nass ilit> leak cbr' k. 
Ill order to vahdaio thp v»'ltw lty lu-ao data. 

■1.10 falculatinn of rcrt'«*iil l.>;ukinplit\ fult-ulntn 
percent Isnkliietti' (seo Cwh iMallntc.-, SiM-llnii I'l) U\ ddcr 
nilnp wheDier llic run Wf**» valnl nr ain)ilier li'M nm 
• sliowld be iinnic. U Uhtp was (biMiiilty ni nrftiiitaliilhf, 
l.sokliipnc i;Hiv> dill' III .'^iiiiMe liUnlitHifis, .(insult uitli 
lliP AdMiiiii>lnitiir fm pn'^silile rai lain c nn tin' iMikini-lu- 

i.2 S;iinpl'' K-'iviiy. I'mpi-r cl- iimp »»;"' '*'lii"* 
l^i'Ul'i"^ 11.' *''""i a"^ ^hi' pi lihc IS ii'ii-.u\ « '1 fj ''III \\u- .vim 'It ,\\ 
Hm' i liil of llli' .s.liUpl!:.« Ii-Mi>il AUiiW !lie piui'e tO e*>"l. 

VMii'ii Uip pruhl- lun W sjifily h iiMllcti. \vi}>o ofi at! 
pMerual piuticuiuic nuiiu-r near the lip of ihp prni.ix 

tin//le lUul pi :\« e -i c'.\p OVU' Uln pfeVrlit lu^inu nf palolnir 
parliciitnli' Mmlli-r. 1 >i» net --.vp «»IT ilie probe Up tiuhlly 
wlitlf llic V nuplnii: UhIm i> t 'HiIIcl' diiwn as tln^ \\n\iu\ 
croile a viicinitii in flie lilirr linlili-r. tbiis ii\v Icf; vkui. r 
frtMti Ihp ll^|>tll^'er< into iln- nitrr hnl-ler. 

brfnre lnif\llij: 1ii<' smiipl.' l::\ln \n \\\\' i'l.';»i.(i(i -.l'.'. 
nilioNJ- 111.- pii'l'i (mill ill''- -i.-i pli I'.ii'j. \>lpi- 



silicone ijiwp. and cap ihp oi^m oullet of tho |)robc. l^o 
careful not toii)seaiiv comleiisaip that tnluhl b(3nrc;<pnt. 
\Vi|>ooiT tho silicone (ireai p from tlio filter Intel wFicro Ibo 
probo wr*s fiwloneit ami cap U. Uemovo ibo intdjilical 
cord fron. tho hu't hupln^^er and cnp tho ImpinRcr. If a 
floxlblo lino \^ used belweon the hrst hnnln^er or con- 
ilpHHor ami tho tlllor bolder, disconfu'ct tho lino at tho 
bUpr bolder and let any condensed water or liciuid 
drain Into Ihii Intplnnerji (ir condiMiser. After wiping oiT 
thu sllh^one lU'-abe, cap olT tho flUpr bo'»!or oiitlet ami 
InipinKPr inlet. Milhpr moiind-ttlar-s stopi>crtt, phu.tlo 
cu>3. or v.pruni caps may be ns»vl lo cjose Hipsp o|>pninp.s. 



Transfer Hip i 



i)bp ami lilterdniplniier ui;sond»ly to Iha 
clca-iiM* aifu. TliW arra slioutti be cli-im and prcd-'cteil 
fniMi lltA wiUi] so I bid the elmiUTS fif cnnlamliiallnu or 
iiKiiiR Uic ."^umjilc u ill be mliiinil?i'il. 

S.ive a iHiMiun of ibe fti i inpi- iiM"l fill I li iiunp -v^ r\ 
blank. Tali^' juiml uf Uil.-t .i. i huie iini'« i!\ li"tu llu' Wa-h 
bn'.tle l.rini! UM'd mu! t'lun- It li-, ii icla"- ^ imple » .»m ni i-r 
Inlu'liMl ".ici'tiiiii' I'lnid;." 

Inspect Ibi- tr.dii pili^r m ■vnil .iuiMur ilK i^- lat-ly u'l.j 
nme afiy uhmirninl c(nub!i'« l " ni tiii» .^-iiupl-^ us 
fiiihiws .... 

(W.ihi'.ufY \o. t. f'.'tri'fuUv rein.iv.. Uh" HI T fnmi ibft 
fiih r hiilib-r ii-.ni plil-'*' U m \\< lib'i i f Oi-il pri.l ili.-;h c*>i.' 
tahii'r. \ M» u pur u! lun'/i-i'* nmrnf eii-.m dispdMildi^ 
uurint'iil ('liivi^-^ 10 Inmine Ibe HUer. If il i< nece.ss.uy lo 
fi.lil the tiher. du ••.() »<ijeh that the p;\itU'nlate caKp U 
in-fde the fnld. Carefully iraii>fer to the IH'tri dl-.li any 
pnriie ulate m:UH'r imd.'or hit or Obers which adhrro to 
I he nUi-r biil.iiT ji:i.'*l^*'t. by nMim a dry nylon bnsilo 
hi usli ivti'l uir a slnn p'e'ljreii bbuie. tVal the conialncr. 

l\inlntnfr .\o. 'i'akiiif; C4vro to soo tlial dim on tho 
oiiHliie of Ibe pH'ho or other exierior surlacw doos not 
I'.M h'tn ih- -i^u^plp. rpnuirli^tlvcly r<y:ovor pariictnato 
i;,,.iu .1 \ I ..i.-l. Ii- .u.' from the probo UO^?l0, probO 
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ftULfiS AND REOULATiONS 




probe tlDor. mid (Iront hiUf d ihn^ nUcr hokkr by 
" thm contpouenti wUb lofitone in4 |^n« Uif 

Ill thcM eMti, Mve « wiUr Utanli tud tcXtw tb» Admin' 

riiisoB u follows.* 

C^lU'cfuHy r(*inuvo Iho proU' nnulr ami cloaii tlic Inodo 
Piirfnoo l>y rinsing wttli R4'otniM« from a wwli btiitln ^n^i 
brUHhing wlili A nylon ))ri8t)u ImiKh. Um^h until ttm 
(U'Otono rln^ sIiowa no visllilo |>ArUcl<Vi. UUv wblcb 
tuAko a lUuU rhm* of thn iitMdo Burfi^'o with fu*t<tonr, 

Hrui^li Mid rInM the insldt^ pArls of tho Bwueluk 
mtiiifr with iu>.eioivA in a yitiiilur way until no TNblo 
Hanlclcfln'tniUn. 

lUiiM lhi9 prolH] liitrr wlih a(<*iun<« by tlUhif* and 
rnttUlng tim proiit^ wiill«' fttiulrtin}! tU'ctune Into Us uppiT 
onit io tliiit ftll inidtle niirracf^ will Im" wpttfd witli aco* 
tuno. I>rt ttu'^u'iono drain from thr lowor end into the 
naniplfl wr iHlnpr, A ruinifl (fflKss or iK)lyi'ihyU»no) may 
U' ustni 10 Ud In InMVSfwrlUK \U\\\U^ wuslies to thti vun- 
iHlner. Fol ow thn awtoim rJnsrt. with a jmilw linish, 
}iuld tiip pvoijc in an iiu'liniHl poHliton, (t(]Ulri M^^lone 
into ilir n|)]M»ff pnd jwi tho prntM- l^rnhh Is Ih'IiTr pushw! 
wtih a twlstln]; mnion through tlio jirolx^; hold a «im|ih« 
cont^lniT muU'rnoath Hit la\vi»r i-nd of \\w prAihj\ ^ 
oau'h niiy occtonr and purtiuninu* inatlpr mnm is 
bnisln»d from tho prplMV Jtnn tlu- Inusii lliroueh 'Uiw 
lirolM) tlurco tituM or inoro until no vlnihlo iianiculatb 
nmtler Is cii/rU'd o^il «Uli Uu' m-ounio.or mini nono 
roiluiins In ilio prolio linpr on viKual insiHHJiion, With 
Ktaiiiloss Btci«l or otlioi niot^l prolM*H, run the bru^li 
ihrtrngli in liio aixive pmscriiHui nmnnrr at lotu^t »\\ 
ihwH slnco nioial pnibi'S hixw Rinuli orovlt-os In wliioh 
|«irlIOulttli' nmiU"' onn ho omriipiiod, Hin^* Iho brniiJi 
vllh acctnno, and ciuiunhutlvoly ooUrrrHu'se wiwltlnns 
In tli« Banipli) contaiiior. A'tor ilio IniiHiiinR, nniku u 
Iniui acetone rinse of lln» proho SnS (lo'ioi ii)ed a)>ovo. 

It ii r^uuncnded that two |)eop)r l)f Mw*d to eiean 
the probe to ininimite sample loms. Uetwoon saniplini; 
runji, keep briishca cleAU and prolericd from wMitainhm- 
imii. 

Af.tT ensuring that ah Joints liavp Ixmmi wiped dran 
of HiUcone gron^, dean tho insido of tho front Imlf of tiio 
filter holdor by nil)Mn(< tlio snrfarcs with a nylon bristle 
hrufih and rln^hig with aootone. Uiih'-'c eaoh surface 
thre^JUuiw or more If noodod to remove visible partion- 
late.^M^ a final rinse of tlio ))rnbh and filter holdor. 
t:iar(j|vri)iw ont the Rlaw oyoluno. also (if apiilioatile}. 
Alteriuwtoni^ watshhigB and partirulale matlex Imve 
leSM It the sample wntalneri tlgliten thii lid 
^niple ccntAlner so that aoetone will not ienk 



nint. 



becuftol 
on ih7i 



Run No,, 



Filter No.. 



Amount liquid lost during transport 

Acetone blank volume, ml . 

Acetone wash volume, ml., 



Acetone blank coricentration, mg/mg (equation S-4). 
Acetone wash blank, mg (equation S-5) 



out when It Is snipped to the laboratory. Mark tho 
heliht of the fluid level to dotermlne whelher or not 
loakB^e oeonrred during tran.^iporl. Lal^el Ine contahier 
to oloarly identify Ittt coVttentM. 

CoMainer A'o. S. Note the iH)lor of the IndlcathiR Hihi-a 
tel to determine Hit hi been hompleiely spent and make 
a notation of its condition. Transfrr the siUoa gel from 
the fourth Impinger to Its original oonialner and soal. 
A funnel may mato it easier to iwnr t \w silloa gel without 
spilling. A rubbei))oUoenian may be used an aid In 
removing tho JJmca gel from tlj^ impinger. It ia not 
neee««ry to remove the small amount of dust partiolefi 
tliat may adhere to the imptng<T wall and are dIffU ult 
to remove. Since the gahi in weight is to'hh UB*>d for 
Aioisture t^lo.nlation8, do nai use any water or other 
liquids td transfer the Hilit a gel. If a baiante Ih available 
In the field, follow the protedure for conlninor No. 3 
in S«?tion4.fl. . . , „ , 

Jnipingef U attr, Treat the im lingers as follows: Make 
a notation of any color or film in the nciuld caleh. Moasnro 
the licnild which is in the lirst thre<i Implngers to within 
*! ml by using a graduated eylinder or by weighlOfi It 
to within *0.fi g by ufling a halanee (if one is available), 
Keoord the volume or woiglit of Jlcpild present. This 
inforniation Is rctpilrvd to caloulate the moisture content 
ol the effluent EW. ^ „ / 

Discard the liquid after n^easnrlng and reoordlng tlm 
▼ohime or w^lfht, utiless analy^i.s of the impinger catrh 
is required (we Note, Section 2.1.7). 

If a different type of condenwr is uwd, measure the 
amount of moisture iJOndonsed either vohunetrleally or 
gravlmetricAlly. . ^ , , 

Whenever poealblo, contalnerp MiotUd be shipped in 
inch a way tFat they remain upright at aU tinu«. 

H.5 Analysis. Record thw data teqniwd on a sheet 
sucli K) tho one shown In Figure IrS. Uandle eai'h samplo 
container as follows: , . i.^ , 

Container No. /• LeAvo the eontenls in the shipphig 
eontahicr or titniKfei- the filter and any kK>.se particulate 
from tho Bamplo rontalner to a tared gfass weighing dish. 
DK^iwate for 24 hour* in a desiccator containing anhy- 
drous calcium sulfhte. Weigh to a constant weight and 
report the results to the nearwt O.l mg. For purposes of 
Una Section. 4.8, the term "constant weight' means a 
dilTerence of no more than 0.6 mg or 1 percent of tolAi 
weight leas tare weight, wWRhover is greater, bctwoou 
two coiuecu^ve weighings, with no less than 6 hours of 
desiccation liiutjtKstween weighings. 



CONTAINER 
NUMBER 


WEIGHT OF PARTICULATE COLLECTED, 
mg 


FINAL WEIGHT 


TARE WEIGhT 


WEIGHT GAIN 


1 








2 








TOTAL 








Less acetone blank 
Weight of particulate matter 









VOLUME OF LIQUID 
WATER COLLECTED 


IMPINGER 
VOLUME, 
mL 


SILICA GEL 
W..IGHT, 

0 


FINAL 






INinAL 






LIQUID COLLECTED 






TOTAL VOLUME COLLECTED 




ml 



* CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT 
INCREASE BY DENSITY OF WATER (1g/ml}; 

INCREASE._£ ^ VOLUME WATER, ml 
1 8/nil 

Figure 5-3. Analytical data. 
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AlliTimUvrly . Wiv <^^n^^\^' inuy W ovpu ^tM at m C 
iW K) for J to :i liours. cooifi) lu tlw (hvsk-c»tor. ftini 
u^ahed to » constant welRht/iw>Uws oH\t;rwl80 RlKvim-tl 

dry thos»mi>lofttl(>f»« r i22«'' F) for2to3hoani.WPlgh 

(Vi/i/u/irr iVa.f.NotoUipU'vitloflliiuUllnthoconlftlnnr 
ftiul couilriu on tho uuttlyslH shoH wlu'tbor or Wakufio 
iHvnrrod tluilnp inmsport. If a noticeable ftiuount of 
o.;K Uii oc'nTPU/oltlier void I m »|; »\ «^ 

to i-onoct tho final n^suliw. Mc«asun^ tlio \U[\iUi in this 
container JlUier volumKricftUy to ml or (travl- 
m irleX to ±0^ R. IVansfor the coutiMUs to ft tared 
aVml h?akor aud%vaiH*alo to » and 

tointM>r»t)iro and pre5sun>. Desln'tilf for 24 li nJrs ana 
w"lRh to A comiant widghl. Ki-port the ^^MiUii to the 

" CoXfnVAfo. J. WolRh lU.^ spont slllen gel (or silii'a Pi^ 
plUH liMpiuKiT) to t!\o lu^tvsX U.5 R UHinK a hftlunc^^ 1 his 
slen may bo coudtictwl m the iKjld. 
"'Vf fonr //Mnfc'V Con/dffi/r. Mi»asuro ai'^'tono h\ this 
container either volumutrlcally or nrftvlnuaricaUy. 
IW ir^^ ttootono to a tarod ^^m\ bpukor and ovai>' 
oralo to dryiu'88 at ambient tmnppralnre and pressure. 
DoslccftU for 24 Unura and wiMph to a conusant welglit. 
Report tho results to tho ufiarest O.l mj?. 

NoTK.-At the option ot the tostor, the contontfl of 
ContalUBr No. 3 m well as tho acetone blank container 
may tm evaporated at tompt^ratures higher than a nbl- 
e tf If ovfti^onulon Is done at an olova ed temperature, 
the tonmjrature nuwt be below the bolllnR pofni of he 
Klvent^^^^^^^^ to prevent "humping," the ovuivoratlon 
profess nmst bo cWly suprvisod. and the contei '.M of 
thrbeakc^f must be swirled occasl.mally to ; 
even teinjM^ratnro. UtJO exln^nie care, as acvtone is highly 
tlamnmlile and has a low Hash poln;. 

6. Calihration 

Maintain a laboratory log of all ( ttlibrujioiis. 

^ 1 rrobe Nowle. Trobo norrles shall be fuUbrahMl 
heforo their tnlllFU une in the Md. Us.nR a i";^'";""'^;^^ 
meusuro the inside dluuiet.T of the no«U' lo the mwbt 



RULES AND REGULATIONS 

0 tVir. mm m.noi In. ). Make thriM^ (»eparate TiieHSUromonls 
iwiuK dliTereut diameters each thne, and obtain the avi-r- 
^olfftheiiWwemen^^ 

and low immbort «h»U not^eicoojl O.l imn (0.004 In.). 
When noFfles beooitie nloked. dented, or corroded 

phaU !»« reahaiH^d, sharpened, and reeaUbraied before 
use Kaeh noMle Khali bo iH^nuanenllV and unUpiely 

^'^Ivi *"nint Tube. The Type R plttil lube assnnbly shall 
Im rallbridetl anMiftlinK to the procedure oulUned hi 
HectkM) 4gl Melljod 2. 

,',.3 MoterhiR 8y8tein. nef<»re Its InUiiU use In lt\e HeM, 
the tneliTiuc sysliMU shall \ns calibruled uenmllnjj to the 
procedure outlined in Al'Tl);*;^^. luswad of uUy*«u-u Uy 
m\\mUm the dry jjas tm^er dial readlnps to convHpond 
wet tost niMer rea.ilURS. eulibrullon fuelors may be 
usetl to matheumtleally correct the rhs n\eter dial readhiRS 
to th* pro per values. Jb'fore callbrallnR the meterinK sys- 
ton\. it Is fiURResled thai a leak^dieek be conducU'd. 
For nu»lerlnR syslpuis havlnR dlujihrnum punipfi. tiio 
noriunl leak'heck nr -.edure will not ^[{'^i, ITV.T 
wllhln Uu» pun\p. V )r ihose eases the followhiR Irak- 
check procedure U suuResled: nmke a ICVitjlnute ';ttl»/>';a- 
t on run at 0.000.-.7 m >/uiln (0. 02 cfni); iit tho end of iho 
run take the dllTerence of the nieiwiured wel test meter 
and dry Ras mrter volumes: divide the du erenei' by 10 
to eel the leak rale. Tho leak rale sliouUl nol uxoeed 
{}m\:y7 m Vmln (0.02 cfm). 

After each UMd use, the calll teflon of the "Y'terhij? 
By. tern shall bo cheeked by performing three 7»l]»nUlo i 
ru.is at a slURle. Intormedhvle orlllce settluR (bftsed on 
ti e previous Held teat), with the vacuum si^ at the 
maxlmnm value reached during the t<^t series. To 
adjus he vacuum. Insert a valve between the wn test 
miter and the Inlet of the meterluR system. Calculato 

l e avoraRo valur of ihaxuaibrallou factor, f the wUbra^ 
Uon has cliauRvd by more than f> wreont. recalibrate 
ttio rn^er over the full ranRO of orifice settings, as out- 
Imed in Al'TU-^m 

Allnrnallve prooribiri's, e.R.. uslnR ihe orinci; mm-r 
coelUcinils. may Im* usrd, subjiH.1 lo lh.> approval of the 
AdnilnisUator. 
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I be dry Rius meler cot'lTlcl-ut viilm'M obluln«-d 
l>«'fore and afUT a bvsi siTh« dllTer by nu)ro ihun/> perci'iit, 
the tm serlw shall eilher be v<»lded. or mUMdallons i»r 
the liwt serletj shall be |M»rforn\ed usli\« w dchever meu^r 
cot^lclenl value (I.e., before or after) Rlvw the lower 
value of UOal sjunple vuhune. i i ,i « 

.^,1 I'robe Heali'r (nUlbmllon. Tlie pr(»bo ImUluR 
Kysb'm slmll be cnlibr;iUMl bdore lUs ^Vl^'ii "^r, "^^ij" 
Held ucrordlutf lo Ih.' procedure "»»lJl«V,Vi|'l,/\. \ V i^l.'.?; 
Pioln..s construt.lt>d uriM.rdlnp lo AP'l » V^^-*^\/mm w 'Vi 
he cuUbmled If »ho cnllbmlhm curves In AIM l)'0.i7t> 

""^I'J'^'TVniptTUUire ibniRi'S. t'sn the priKM-dure In 
SiTlloii A :\ nl MHhod 2 i(»e:illbnib' lii-slack lrnM»;r:Uim^ 
RuugivH. r)hil th.'rmouu'bTs, mu'b lUS un» nsyd for l ie dry 
inebT and cond«'nSiT onllK. slmll Iw callhmled 
URulnsi niercnrs in Rlass Ihemionielers. 

:^ a Uak I'lu-ck of >b'lerlnR System Shown In FlRure 
.V I. Tlui iHH-llon of Urn saiuuUnR imlu from the inniip 
lo ihi' oHlUM* mrler s hould be leak chivki-d prior ? o Inltla 
use und afiiT r ludi shlpniml. LeukftRe ijfUT lh>' pu tup \^ H 
rc'Mjll m leH.s volume behjR nvorded than Is lc ually 
sampled. TlU' followlnR procwlure Is suRRi'SUM (Sive 
Ktoilro .M): <-h)st' the main valve on the meU^r box. 
liwerl a ont-hole rubber slop|M»r with rubbt^r lubliiR 
aimched into the nrince exlmUHV pl|)e. Hlsconnoot and 
VJMit low side of Ibe orlllee tnanometer. (.lose olT Ihe 
low side orillce lap. i»nwsurlte Ihe system U) U lo IH ciu 
a^ lo 7 In.) waler colunm by blowluR Into the rubber 
tabluR, Pinch ort the tubluR and oh.wve ihe nmnome er 
for otVJ minute. A loss of pressure on the tnaiiomi'lcr 
indicates a h-ak In lh<^ meter box; U«ks, If present, must 
corrccU'd. 

r,.? Baromt'ier. CuUbrai" aRaiiisl a mwcury barom- 
eter. 

C. Calculationt 

Carry oul calculallnns. relalnlnR al ^'I'^^^.^^'l/V'? 
decimal hi'ur.- beyond that of Uu; ac<pUrwJ data. Kound 
o T Rurc^i after Ihr^ nnal calculation, other forms of lb 
eljui'llous may be usrd as long as they rIvc ocpUvah-nt 
nvsui' ». 
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Figure 5-4. Leak check of meter box. 



6.1 
.4. 

Jim* 



A. 



^.f^ross-seciionnl nreaof nn7Kh\ m» atn. 

«Wator vapor la t!io g;ks sin^ni, pr.)i.»»rHi»n 
by vohinie, , 

« Acetone blank rwidue ooncenlmtions, mgfg. 

^Conrfutralion of particuhvlo mailer m slack 
fras, dry basis, correeied to sumdiird rt»ndi- 
liona, g/d.scra (g/dscf). 

m» Pimunit of bjokln^tlc sainphnR- 

« Mftiimum 'U'ceptablo leakaRr mt.'» foreli lor a 
pretest leak check or for a leak rlieok f»>lh>w- 
inR a comt»onenl olL-xnge; oquiil to O.OOasT 
mVmln (0.02 cfnO or 4 iMircent of the avenigo 
•<:impling rate, whichevor is less. ^ , , . 
I tub victual leakage rule olwiTvcd during IMe 
li';ik check coiwiuoled piU'r in the * i^** 
eoinptmrnt cIuwiro (f=l, K 3 . . . . n), 
niViuIn (cttn). , , , , 

»-I-4»rtkaR0 ruin observed durloR the Uvil 
h'ttk t hi'ck, ru3 mm (cfm). 
Total unioum nf pariirul;i!r nmtK^r ■■<«lU\ l«''l, 

.--■Moieoular weiRbl of wuter, 1«0 R Rnwlo 

0 Ib'lb mole). 
i=-Ma« of riv;idue of arntoiio afier ovii|M>ratio!i, 

tUR. 

, «Ibiromelr;c nrccv'.-ure at the sanu'linR 

n.«n \\% (m. Hr). ^ 
AbsolMteslack cas pri\<Miro. mni ITg fir.. UR). 
«riUindard ab.soiule pri-.s^nre. TOO mm Hg 
(J«.9'2 m. IlRj. 



n -Ideal gas conslnnt, n.ort-^afl muu Hg-mV K-g- 

innle (vJl.Win. llR-fli/"U-ll>-n)nUo. 
7* « Al)st)lUte avcniRe dry nas n\Pt«r tomper.ilure 

isi^e KlRUre.Vil.^K C*U). , " , 

1\ --^Absolule average stack Ras lemperalure (.see 

ri';ureJ>'i).'>K (MO. ^ ^ 

*r. . - t^tjvndard absolute liMuperaturr*, 2%\ K 

(.V.»K° K). 

I'. -^Vnlunu'. c»f ;uM'toiU' blank, ml. 

\ ^\»)lum«'ofjvcj'l»iueU?<pd m wivib, tcil 

\ -Total vohnne of lloiiid rollerled in iiupittRrni 

and slliea gel (see Figure l^ 3), ml. 
r« ^ Volume of gas Siiuiple as measured by tlry Raa 
nu'ter, dcm (drf) . . ,t a.^ 

V»(^^4^ Volume of gas sanude measiirpd by Ibe dry 
gas meter, oorrcrti'd to rMaiulard cundiUons. 
dsrm (dsrf)- , , 

V'.f.r*. -V(»hinie of water vapor 'n the Ras sample, 
ct)rr<M ted to standard rotidUitms. scm (srf). 
v. Sta*'k gas velo« ily. <ah tdat<vl hy NbMhod 2. 
K.inatlon 2 0, usiJ«({ dftla obtained from 
M.lhod r», ni./soc (fl/sr'e). 
Weight of residno In melt»ue wash, nig. 
Y . Dry gaa m^ter caUbratlon fai tor. 
A// Av-'rage prc-^snre difTi^rrntial a* r-»ss Uiponn. e 
meter (.see Figure 5-2), mm HjO (uj HiO). 
Prnsiiy of a<Tl« iP. niR u»l (s^^ labol on 

^iCisily of water, O'^ m? r nd (OOr^^jOt 
lb/u:l) 

Tidal sa'ppliiiR brue, lum 



0, ^jiiupiitiR liiup lulrrval. from tlie boginnlng 
of a run tmlil the hrst component chang.s 

fl, Sampling time InlervM, betw«ven two suc- 
cessive cnuijiDnpiit changfv^?, beRinning with 
the Interval belWH'U the hrst and second 
chauRcvs, mill. 

0^ Sampling time inli-rval. from Hip flna' CUM 
i omi>omMit < hauRp uuld the end id the 
sampling run, iititi 
Specilir gravity of ntrr. nry. 

\A\ Sw'nun. 

PK) ( '{invcrsinii to pon out 
6 2 Average dry was im UT iPiniMTattir.* and rt\i rrt>:«> 
oriH.-e pressure dn.p See daia "^herl ' !■ iK'ue 2» 

0 3 l)ry (las Volume. Correct thp sftmnU* V4»..ji« e 
m'^asured by the dry Ka.^ mc-ler lo Ktamiard roti.lits.Mis 
(20^ C, 7ty) mm Hg or I*, '^y^^ HI 11k' by n-in^ 
Eu nation .'i-l. , 

A// 



V 



(■';:) 



. \ii 1 ; r.) 

K'jiWtl.'ii '■ I 
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ROIES and RE6UUTI0NS 



Mduottd prior to eompoiMBt eha^m) wmd» U 
^l^^^l^ tioaedi h.^ Equation M mufi U modUlod m 

(ft)^Oin I. No omnponettt. ehanfAft mtdo durlci 
MUupUni run. In UUo oM, replace V« in Equation M 
vitli the eipresBloii; 

<b) Cm IT. One or more eonipouont clmngns medo 
onniiff the wmptlnff run. In thli owe, reulm^e Vvi in 
XquiUo&M by the eipr(»slon: 

-jy (/-'l-^'•)^.-(^„-i:..)^J 

•^^WrtUutf^ouly (or tboso leakago rat«5 or Z^) 
€.4 Vohuue of water vapor. 



Kotl.~I& litomtad or water 4ropM*laden ni 
•tr«ama, twa.oiloi^iationt of the nolaturt oontont of tho 
ataok laa tbau U mado, one from tbe ixnpingar analyils 

wfm MNttJ vt oonriOfrM Mrreoti Tnt pfooodure wt dtter" 
minlni toe noifture content basttd upon aasiunption of 
Mttutted eonditiona la fflvon in tJbe Note of Bectlon 1.9 
of Method 1 For the purposes of tlita metbod, tbe aTen«e 



itack gaa temperature from FiRure M may be uaed to 
tnake*thlB determination, provided that the accuracy of 
the ln*fltark teninerHturo tensor is i: 1^ C F). 
6.6 Acetone Blank Concentration. 



Kquudun 5-4 



^ mPn 

6." Ai clono Wash Blank. 

Equation 

6.8 Total Particulate Weight. Determine the total 



EqiMtion 6-2 



of resuHa InvoMnf two or more filter aflsembllea or two 
or more aampUns valns. 
6.9 Particulate Concentration. 

c,= (0.001 g/mg) (mn/V^i.u)) 

Equation 6-6 



6.10 Conversion Factors: 



wh<\re: 

/^inO.0O1833 m*/ml for metric unite 
-0.O4707 ft»/ml tor English imlve. 
a^ Moisture Contont. 

]j =53 -. . ^_ t^^n 



From 



To 



m« 

Rr/ft« 
ib/fi* 



Multiply by 



0.02832 
16. 43 

36. 31 



6.11 laoklnctlc Variation. 
6.11.1 Caioultttlou From liaw D&ta. 



Equation 6 3 



ifi-0.0(B4M mm lI?-iQVml-"'K lor metric aullii. 

"OJmeo In. Hg-ftVml-«R (01 EngUah imlta. 
e.Il.a Cklculatlon From Int«nnedlat« Valuos. 



KiiUQiion-6-7 

a^ollaro, R. F. A Survey of Commercially Available 
Iiutminentotlon For the Measurement of Low-Ranco 
Uaa Velocities. U.S. Environmental Protection Agency, 
Kmiaalon^ Measurement Branch. Raaearoh Tiriangii 
Park. N.C. November, 1976 (unpublished paper). 

9. Aiuiual Book of A6TM Standards. PartSTQaaeoas 
J uoli; Coal and Coke; Atmospherlo Analysis. American 
H^jety for Teating and Mi&rlals. Philadelphia, Pa. 
W4. pp. 617-622. 

Mi:TJIOO 5— OKTRTlMtKATION Of PUI.rt'K nui\l]iK 
KMIiWIONS FHOM 8TAT10.SAHY tOUHrt.a 



whwe: 

Kit»i,9S0 ioT metric units 
-0.09460 for EiulUh onita. 

M Aooeptablalteattlta. If 90 percent ;£/<110 per^ 
oent, the reauits are acoeptablK. If the resuHs are low In 
eompariaon to the standard and / la beyond the accept- 
able range, or, il / is less than 00 peroent, the A^ninia- 
trator may opt to accept the results. Use Citation 4 to 
make Judgmenta. Otherwise, reject the results and repeat 
the test. * 
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Kqudtion 6-8 1. VrincipU and ApplicabUUi/ 



1.1 Principle. A gu aample la extracted from the 
aamuUng point In the atack. The ruUuric acid mist 
Uncluding sulfur trioxlde) and the sulfur dioxide are 
aeporaud. The auUur dioxlda fraction is measured by 
the barium thorin titration method. 

l.a AppllcablUty. This method is applicable for the 
determination of sulfur dioxide emisBlona trom stationary 
aouroos. The minimum detectable limit of the method 
has been determined to bo 3.4 milllgrama (mg) of SOi/m* 
(3.12X10-^ lb/ft <).JUthough no tipper Umit haa been 
established, tcata nave ahown tha concentrations as 
high as eo,000 mg/z&i of SOi can be collected eOldently 
in two midget implngera, each containing 16 milliliters 
of a pcrceM hydrogen peroxide, at a rate of 1.0 1pm for 
30 mlnutea. Baaed on tbooretlcsa calculations, the upper 
ooocentitttion limit in a ao-llter sampla ia aooot 93,^ 

Possible interferents are free ammonia, water-aolubla 
oationa, and fiaorldea. The cations and flucridea ara 
removed by glaaa vool flltcra and an iaopronanol bubbler, 
and henco do nci alTeot the BOi analms. when aar.plea 
are being taken from a gas s^eam with high conoentra- 
tioQS of very nne metallic fumes (such as in Inleta to 
e mtrol devtoea), a high^iQcleoey glasa fiber lUter mnirt 
be uaed in place of the glass wool plug (i.e., tha one to 
the probe) to remove the cation Intarferenta. 

Free ammonia inicrfteca by teacting with SOi to form 
particulata sulfite and by reacting with tha indicate; 
if fraa ammonia ia prMont (Usla ean ba det^jfrninad by 
knowMge d tho proceaa and nottciaii wldta partlaolato 
matter in tha probe and laopropancd btsbbkr), altan3*- 
tiva methods. Bublect to the approval of the Admlniatra- 
tor, U.S. Environmental rrotectloD Agp^cy, art 
required. 

2. Apparaitu 
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PROBE (END PACKED 
WITH QUARTZ OR 
PYREX WOOL) 




STACK WALL 

♦ 

GLASS WOOL 



MIDGET BUBBLER 



thermometer 

midget impingers i 

Jl silica gel 




ice BATH 



THERMOMETER 



PUMP 



Figure 6:>1^ SO2 sampling train. 



aod amMO^i ptrU are dlwrnved below. Tbe 
tai t^j^^ii of fubiUtuUiic MmpUni equip* 
mot tocHbed mMetbod S in place of tbe mg^et Im^^ 
DiDMr •QOlpment ol Method 6. However, the lietood B 
tram mSk be modllM to include a heated filter between 

doiuhaiMeQdy with particulate matter and moUtun 
determictttioitt by (i) renlaclm the water in a Method 5 
Smplctter lyitem wtth S percent perloside eolution. or 
(« by leplidDf the Method 5 water Implnger eyiiem 
Wth a Method I twipfcpnol.mter.pw^iMe eysij^T^^ 
tt^Mf for BOi be eonslstont with the procedure 

.l!f^be. BorortUcAte glan. or ttainl*** itejl (other 
nateriali of ootatmctlon may be need, subject io the 
snpttyral of the Admialatrator), approrimately ^t^jt. 
InSde dUmeter, wtth a heaUm iyelem to Prej«"l7»*V 
fsondenaatlon and a filter (dther In-etack or heated ot.t- 
iUek) tc. remove particulate matter. Jncl^^JS"""^'^? 
aeld nUai A plug ot daas wool is a taUefaetory m er. 

lU Bubbler and Impinterf. One mJd«et bubbler, 
with medlum-coaiw glan ftrU and boroslUcaU or Quarti 
glass wool p«ked In top (see F<rfUre ^-l) to prevent 
Sulfurte acldmtet carryover, and three 30rml midget 
ImplDgert. The bubbler and midget Jmplngew must bo 
oonneclcd In seriea wtth leak-tree fOaaa connectors. SiU- 
cone (tT«3e may be used, if necessary, to prevent leaaat e. 

At the option of the tester, a midget impinger may be 
iisrd In place of the midfet bubbler. v ^ 

Other coUectlon al^rbera »nd flow ratw may be u»d. 
but aro BuWect to the approval of the J dmfnlstrBtor. 
Al«), collecSon efficiency mutt oe showri to be at least 
M perc£nt tor each test run and muet be documented in 
th.?i«port. If the efHclency U r6und to be acceptable after 
a neHes Oi thiw terta, further documentation Is not 
reQulied. To conduct the efflclency test, an extra ab- 
lorber murt bo added and analysed Repamtely. This 
extra abaorber must not contain more than l percent oi 
thetote^BOi. 

a.1.8 Ola« Wool. Borosillcate or t, arU. 

314 Stopcock Oreaee. Acetonr insoluble, heat- 
ftable silicone grease may be used. If pcessary. 

2.1.6 Temp^turo Oau«e. Dial ihennometer. or 
•auivalent. to measure tempe^tuie of gas leaving Im- 
ffiiirtrtilntowithinl«C{a*F.) ^ ^ ^ . 

aTLe Drying Tube. Tube packed with 5- to Ifr-meah 
Indicatlns type slUca gel. or eQuiviilent, to dry the gas 



galbaibfani 



iample and to protect the meter and 
may^M used, fuGMrto^wi^Bl o!^^ 



to protect the meter and pomp. If the siliao 

S hours. New sUica gel may be uaed as raoalved. Altmiap 
tlvely, otber typee of desfeeuita (aqulvatont or better) 



rate. 

Pump. I^-fra* distal? ^«pP'<>',f<l'^^^^ 
■lest, to pull gaa thioogb the Mn. IomU a smaU tank 
bMween ^ pump and rate meter to eliminate the 
pulsation effect of the diaphragm pump on the rotameUr. 
*^ 2.1.9 Rate Meter. RSameter, or aqulvaient, capable 
of measuring flow rate to within 2 paroeot of the selected 
flow rate of about lOOO cc/min. , 

2.1.10 Volume Meter. Dry m ttattf,^ sufficiently 
fwirate to measure ths sample voftime witWn 2percent. 
caUbimted at the selected flow rate and^ cond tionj 
actually encountered during sampling, and equipped 
with a temperature gauge (dial tharmomet:T, or eauiv- 
alent) cwable ot measuring temperatu^ o to within 

2.1.11 Barometer. Mercury, ameroid, or other barom- 
eter capable of measuring atmospheric prefisure to wUhln 
2.6 mm Hg (0.1 in, Hg). In many caai«, the barometric 
reading may be obtained ttom a nearby national weather 
service station, in which case the station value (which 
is the abeoUite barometrio pressure) shall b« Te(iUMt*m 
and an adluitment for elevation differences between 
the weather station and sampUng point shall be applljji 
at a rate of minus 2.6 mm Hg (O.l in. Ha) per 30 m (100 rt) 
elevation Increase or vice versa for elevation decrt^.'\eo. 

2.1.12 Vacimm Gauge. At least 760 mm Hg (30 in. 
Hg) gauge, to be used for leak check of the sampling 
train. 

2.2 Sample Recovery. , , , 

2.2.1 V^aah bottles. Polyethylene or glass, 500 ml, 
two. 

2.2.2 Storage Bottlea. Polyethylene, 100 ml, to store 
impinger samples (one per sample). 

2.8 Analysis. , , ^ , , 

2.8.1 Pipettes. Volumetric type. 5-n*J. 20-ml (one per 
sample), and 25-ml sites. ^ , , , 

2.3.2 Volumetric Flasks, ino-mlslie (one per sample) 
gnd lOO-mlsise. ^ , ^ 

2.3.3 Burettes. 5- and 50-ml8iie«. 

2.8.4 Erlenmeyer Flasks. 260 inl*«l»e (one for each 
sample, blank, and standard). , ^ ^ . ^, * 

2.3.6 Dropping Bottle. 125-ml site, to add Indicntor. 
2.3.(1 Oraduftted ( ylinder. lOO-ml site. 

2.3.7 Spectrophotometer. To measure absorbance et 
nanometers. 



SURGE TANK 



Cnlesa otherwise Indicatad. aU laafwlimnit confcrm 
to the sptclfl<?atteM wtabliahad by the Oommittea jW 
£u3^Sd RaSc^ of the Ameileia Chemical Bpo^. 

aTailabtagrada. 

lii^sSl^liakmlw^ 
tpeelflcatlon Dn08-74. Typa J. At tba option of tha 
imUytt, the KMdOi tert lor oildigabU mganip matter 
maxSi omitted whan ^ ooliottitntianror organic 
matUrarenotfipactjdto^pwj^ , ^ ^ . 

1.1.2 laopropar^lOperoenVMiziOmlollaoprow 
with 20 tSlS^SSS^ SJSued w^. C»}2k aachWS 
bopropanol ivpMOTide Imporittaa m foUowi: shaka 10 
S S^propaiSTwltb 10 ^ml of gaahly PrtJPgfjd 10 
percent potawhmi iodide aolutlon. I?«PW • 
similarly treating 10 ml of totlUed wato. Aflar I mlnuto, 
read the absorbance^ at tt2 nawmat« on » 
photometer. If abaorhaooa aioseds 0.1. leieot alcohol for 

^^eroxldes may be removed Ma l«>J>roi»ool by 
tilling or by paiaage ^^^^^Jj^^^t^J^i^^^ 
alumina; however, wageat grtda i^pwCW^L 2^ 
suiUbly low peroxide levels inay be obtaluad ttom omn- 
roerclaf souroes. ReJecUon of oontemlnatad \oU may. 
th^^^efore. be a more efficient Pgoggg^'^„ ^ _^^,^t 

a.1.8 Hyditjgen Peroxide, fPgnwt.^^ 
hydrogen peroxide l:tt (v/v) wltti 
waier(80 ml is nrtded per aample). Prepare freeh dally. 

S.1.4 Potassium Iodide Bolufion. 10 Percent. Dlsaolva 
10,0 grams KI in deionised. distilled water and dUute to 
100 ml. Prepare when needed. 

8.2 Sample Recovery. . ■ • , 

8.2.1 Water. Deionlted. dUtiUed. as in 8.1 1. 

8.2.2 I«opropanol,80Pcrceat.MU80mloflsopropanol 
with 20 ml of deionlxed, dlstiUed water. 

3 3 Analysis 

a'a.l Watwr.belonised. distilled. asm 8.1.1. 

3 32 Isopropanol. 100 percent. 

3 3.3 Thorin Indicator. l.(o«onophenylato)-^ 
naphthol.3,MIsulfonic.acld. ^sodium salt, o^ 
lent. Dlwolve 0.20 g In 100 ml of deionited, distilled 
water. 

3 3.4 Barium Penihlorate Solution. 0.0100 N- Dis- 
solve l.95g of barium perchlorate trihydrate (Ba(C10«)r 
3HK>I m &0 ml disUUod water and dj^^fo 1 1^^^ ^'^^ 
Bopnipanol. AllemaUvely. rzz g of lBaCU-2Hj01 may 
be ii«5d Instead of the perchlorate. Standardite as in 
&ocUon 6.6. 
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3.3 5 Aulfiiric Arid BUtidard, 0 0100 N PtirchaM or 
sUndardiM to *0.0002 N Mi^nn o.oiOO N NaQH which 
has. pr6Tiqusly been lUndardiMd Maiiut poUtsaluro 
•cid phthAlate (priminrtUndardgrtde). 

4 i-^ocedure. 

4.1 Btmpling. 

4.14 Prepmtion of collection tx%\n. Meaxure 15 ml of 
80 percent uoproptnoi into the midg<»t bubhler and 15 
ml of 3 percent hydrogen peroxide into each of the nni 
two midget impingen. Legve the final midget ImpinKer 
dry. Aasembte the train aa ihown In Figure o-l. Adjust 
probe bettar U a temperature fuflleient to prevent wat«r 
oondeniatJon. Flac« crushed ice and wat^r around the 
taplngera. 

Uak<beck procedure. A leak chcfk prior to the 
mnpUng run ii optional: however, a leak check after the 
Wn^iint nm li mandatory, Tbe leak^heck procedure is 
folkmi: 

WHb tbe pipba dlioonnect«d, place a vacutim gauge at 
tbe Inlet to the bubbler and pull a vactnun of 2fiu mm 
(10 In.) Hg; plug or pinch of! the outlet of the flow met^r, 
and theatuni off the pump. The vacuum shall remain 
gtabki for at least 30 iteoonds. Carefully release the 
▼acuum gauge before releasing the flow meter end to 
prevent bark flow of the impinger fluid. 

Other leak check procedures may be U5cd. subject to 
ibe approval of the Administrator, TT.8. Envlronuifntal 
Protection Agency. The procedure uwd in Method 5 18 
not mil table for diaphragm pump^. 

4.1 a Sample collection. Heoord the initial dry gas 
meter reading and barometric pressure. To t)ARl?i sam- 
pling, poflltiop the tip of^the probe at the sampling r>oint, 
connect the probe to the bubbler, and start the pwinp. 
Adjtut the sample tlow to a constant raU) of ap- 

Eroximately 1.0 liter /min ai indicated by the rotameter, 
faintaln tnis constant rate (*10 perecnt) during the 
entire sampling nm. Take readings (dry gas metar, 
temp;ratures at dry gas meter and at impinger outlet 
and rate meter) at least every ft minutes. Add more ice 
during the run to keep the temperature of the gases 
leaving the last impinger at 20^ C (tiS^ F) or less. At the 
concliwlon of each run, turn off the pump, remove ptobe 
from the stack, and record the final readin«Ts. Conduct a 
leak check as In Section 4.1 2. (This leak check is mnndA- 
tory.) If a leak is found, void the test run. Drain the Uh) 
batn, and purse the remaining part of the train by draw- 
ing clean ambient air through the system for 15 inlnutt^a 
at th^ sampling rate. 

Clean ambient air can be provided by passing air 
tbrough a charcoal filter or through an extra midget 
impinger with 16 ml of 3 percent HtOs. The tester may 
opt to simply use ambient air, without p iritlcation. 

4.2 Sample Recovery. Disconnect th** impingers aflor 

8»irging. Dfscvd the contents of the midget bubbler. Four 
tie contenta of the midget impingers into a leak*trce 
polyethylene bottle for ihipmont. Rin^a the three midget 
unplngers and the connecting tubes with deionizcd, 
distilled wat\T, and add the washings to the same storage 
container. Mivrk th) fluid level. Seal and Identify the 
eample contaLiir. 

4.8 Sample Analysis. Note level of liquid in container, 
and confirm v/hether any sample was I06t during ship- 
ment; note this on analytical diata sheet. If a noticeable 
amount of leakage has occurred, either void the sample 
or use methods, subject to the approval of the Adminis- 
trator, to ooirect the final results. 

Transfer the contents of the storage container to a 
lOO-ml volumetric flask and dilute to aiactly 100 ml 
with deloulied, distilled wa> . Pipette a 20-ml aliquot of 
thla sohition into a 260-ml ZCrlenmeyer flask, add 80 ml 
of 100 percent uopropanol and two to four drops of thorin 
Indicator, and titrate to a pink endpoint using 0 oiOO N 
barium perchlorate. Repeat and average the titration 
volimies. Run a blank wfth each series of samples. Repli' 
cate titrations m'lst agree within 1 percent or 0.2 ml, 
whichever Is larger. 

(Now.— Protect the 0.0100 N barium perchlorate 
solution from evaporation at all times.) 

5,1 Metering System. 

6.1.1 Initial Calibration. Before its initial use in the 
field, ftm leak check the metering system (drying tube, 
neeoie valve, pump, rotameter^ and dry gas meter) as 



follows: place a vacuum gauge at the 1/dct to the drytnp 
tube and pull a vacuum of 25U nun (10 in ) ihu iilug or 

f^lnoh of! thB outlet or the flow meter, ami then turn off 
he pump. The vacuum shaii remain Htuble for at least 
30 fiocona.^t. Carefully release thB vacuum gauge before 
releasing the flow meter end. 

Next, calibrate the metering system (at thn samplitiu 
flow rate specified by the method) as foUows: connect 
an appropriately sited wot test meter (e.g., 1 liter per 
revolution) to the inltst of iho drying lube. Mako tlirir^ 
indot)endont calibraiioii nin5, using at lca.<:t ilv» revulu* 
tlons of the dry ga<» meter \yer run. Calculate the calibra- 
tion factor, y (wet tost meter calibration volume dividiid 
by the dry gas meter volume, t)oih volumes ndjustod to 
the same reference tompcraturn and pressure), for i^ach 
run, and average the resulu. If any r value deviMea by 
more than 2 perctnit from the average, the niolwnng 
system Ib unacceptable for use. Otherwise, use the avor» 
age as the calibration factor for subsequent test runs. 

6.1.2 l*ost-Ten (Calibration Check. After each field 
test soriM, conduct a calibration check as in Section 6.1.1 
above, eicopt for the following variations: (a) the leak 
check is not to be conducted, (b) three, or more revolu* 
tions of tbe dry gas meter may be used, and (c) only two 
independent runs need be made. If thn calibration factor 
do«s not deviate bv more than 6 perc4»nt from the initial 
calibration factor (determined in Section 6.1.1), then the 
dry gas meter volumes obtained during the test series 
are acceptable. If the calibration factor deviates by more 
than a iMjicent, recalibrate the melering liysteni as in 
Section .Vl.l, and for the calculation."!, use the calibration 
factor (initial or recaUbration) that yields the lower gas 
volume for each test run. 

5.2 Thennomeiers. Calibrate agaln.st mercury-In- 
glass thermometers. 

6.3 Rotameter. The rotameter noAd not be calibrated 
but should be cleaned and mainiajned according to the 
manufacturer's instruction. 

6.4 Barometer. Calibrate against a mercury barom- 
eter. 

6.5 Barium Perchlorate Solution. Standardiee the 
barium periihlorate solution against 25 iil uf sumdord 
sulfuric acid to which 100 ml of 100 percent isopropanol 
ha.s been added. 

0. Ctilculalioiu 

Carry out calculations, retaining* at least one extra 
dfH imai figure beyond that of the acquired data. Round 
oit ngures after final calculation. 

6.1 Nomenclature. 

Cto "ConoentHition of sulfur dioxide, dry ba^sis 
* corrected to standard conditmns, njg/dscm 
(ib/d.scf). 

?V« Normality of barium pcrehlorale titrant, 
mlUieqtxivalents/ml. 
Pb«r"Barometric pressure at the exit orifice of the 
dry gaa meter, mm Hg (in. Hg). 
"Standard absolute presaiue, 700 mm II g 
(29.92 in. Hg). 
r.«Averasedrygaa meter abeolute temperature, 
•K (»R). 

7 Hd" Standard absolute temperature, 2tt3^ K 
(628*» R). , , 

Vi->Voltime of sample aliquot titrated, ml. 
V««Dry gu volume aa measured by the dry gas 
materi dcm (dcf). ^ ^ ^ , 

V'«(»td)-Dry gas volume measured by the dry gas 
meter, corrected to standard ooTHlitions, 
dscm (dacf). 

V»oiB<«Total volume of solution in which the sulfur 
dioxide sample Is contained, lOO ml. 
Vi^Volume of barium perchlorate Utranl used 
for the sample, ml (average of replicate 
titrations). 

Vi*« Volume of barium perchlorate titrant used 
for the biank. ml. 
y** Dry gai metercalibratlon factor. 
32.03- Equivalent weight of sulfur dioxide. 

6.2 Dry sample gas volume, corrected to standard 
conditions. 

Kqnation 6-1 



whew : 

Ki ' Knnm Ilg for metric imilJi 

- IV.frl 'H/in Hg for English unll3. 
6.a sulfur rtinxldc concentration. 



C BOn - Kt 



Equation tt-2 



whi rr 

A'i-^3L».U,3 niK/ineq. fur nivtric unil«. 
=-7.061 XIi)~*'*^'nieq. for English uniU. 
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Method 7— Dktkrmtnattok or Nitbookn Ojuox 

EUiaaiONB FhoM STAtfONAaV SCKJBCS8 

1. f^inciple and Applicubiliiv 

1.1 Prii- :nle. Agrabsampleisoollected Inah evactt* 
ated fliisk 4>kitaining a dilute sulfuric aold-bydrogen 
peroxide absorbing solution, and the nitrogen oiides* 
ex(%pt nitrous o»de. are measured oolorlmeterlcalij 
t»lng the phenoldisulfonic acid (PDS) prooedure, 

1.2 Applicability. This method U appUeable to the 
measurement of nitrogen oxides emitted from gtatlonary 
aouroes. The range of the method baa been determlnaa 
tobe2to400mmigramaNOa (aa NOt) per dry itandard 
cubic meter, without bavlng to dUute toe aamx^. 

3, Appantui 

2.1 Sampling (eoe Figure 7-1). Other grab lampUng 
gystema or equipment, capable of meaMuriac laapla 
volume to witnla t^O pereeat and eolleotini a aufflelent 
M^ple Totume to allow aiuJytloal repmoelbUlty to 
within ±S peroeot, wlU be ooniidcred aoo^Uble tfter* 
natives, subject to approval of tbe Admmumtor, 0.0. 
Envimnmental Protection Afeooy* The foUowtnl 
equipment Is uaed In aamiMiflt: 

2.1,1 Probe. BoroaUleate glaai toblng, soffloleatlf 
heated to prevent water condenaatlon and equipped 
with an in-ttack or oat-etaok filter to remove panieolHe 
matter (a plug of gla« wool La atitfaetorj ^ tt^ 
purpoae). Stalnleai lieel a* Tefloa i tubing may alio be 
used for the probe. HeaUn^r la not nacmary U the pcoba 
remains dry during the purging period. 



* Mention of trade namea or specific prodnets doea noC 
constitute endorsement by tbe Bnvitonmexrtal FW* 

tcction Agency. 
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{SLEEVE NO. 24/40 
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— -FOAM ENCASEMENT 



IBOmnX t .''^BplLING FLASK* ^«4,. 

N.' *llTER.lWUNO«)TT0M.«H0irTNK:K. 

WITH {SUEVE NO. 24/40 



'>^^?«&^;arn5i''is?»'»<> to 

of mowarlnc presrore to within iA6 mm Hg 
^"ilj -praip. Cpfcble of •wct»tl« the wU«Uon 
Itak to a pnaiun eoul to oi ItM thtmTS nan Bg (3 in. 



riflure 7-1. Sampllno train, flask waive, and flask. 

.^^'7. .rl^S^^. far Mch nmDte and 



11 10 BtScock aaroround Joint Or^. > hlRh- 
v^dm. fcSpSSMtStore ohlorofluorowbon 1» 



^Ul •BKoSJuTM^ury. Mwold, or oth« b«;onv 

£»y be <^SuSa from » nMrby n»a«^^^ 
m^atSSam. in which eaie tta« lUtion valtie (which U 

vrMtStt^Mtok ftDd MmpUnft point ftbAU be tPPUed at a 
SS^^SSStJfn^H^ He) » m (100 ft) 

S2?^(»TSiSiror ^ ve» for elevation dttsreaae. 
2 2 fiSm^^wveryT Th« following eQuipment ta 

'^Sa^cKjfe c5lffi 50 ml with l-ml dl^ons. 

Wash Bottle. Polyethyleno or jlass. 

lis TSfplpSf fw iSdioaUng pU. To cover tbft pH 

aSm. f» the analyvU. tho toUowintr equip- 
nuQtisoemd: ^ , 

2A1 VolomeWo Pipcttas. Two I ml, two 2 mi, one 
S St one 4 ti^lO nS, and one 2A mUi)r «wh lample 



ft»TSdtvVlthllD for poSnirone tor eaeb «mple and 

jnl) haa been tound to be »W*'^l«^«?Sfiil^^^ 
SJlySSthylpentene b«*er» (Natef ^i?gfil5?Kil'iS 
aSbSim (WO ml) mmy be used. '^^•wR^^JfS 
■tffiuiSetcbJnf of the beakera nxay cause loUdnuttw 
vS^b^^i^iinm wtalyUcia^ step, the eoUdiihould be 

«t«tJe«Uy controUtd hot pUt«s kept below ro* C (ieo° V) 

iXS pSySiylet/poUcman. 6m tor *»ch wmple 

""2!sT 0?SSllM C»Und«. lOOml w4*.l-ml divisions. 

? 3 7 VohHnetrio Flwka, 50 • nl(onn for cwh iwpW . 
100 ml (one (or e«b sample and each itandwd. and one 
tor the wwlilna utandari KNOi wlutlon), and 1000 ml 

^"sAS Speotrophotometw. To measure abiorbance at 

W" Graduated IMw-lte. 10 ml with O.IhbiI divisions. 
IllO tJS pS*r for Indicating pU. To cover the 

"lai^AwIyUMl Bolanco. To measure to within 0.1 
mg. 



?S«'& SSltSS^rtwWlh ooM^rtaona * o.«*nH> 



uim as^ HANDLE WITH CAUTIpfi. 

3S.4 Potairium Nlti»te. DHrt 
to aao* F) fcr a mlnUanm of 3 boun jn« pnpc to prapar*- 

*M'8tSSif^i Bohitloo. HiMiAr, ^exactly 
diaUUed water In Bj,O0p-mlTOtameWli«!. „ 
MuSwSS?. oSe WlUW of the worUa. ttwA^rd 

a dark« stoppered boUle. 
4. Proadwti 



S. RfogetUi ^ ^ . ^ 

tJnl«s otherwise Indloat^. it Is intended that all 
mgents conform to th- spfclfl^tlons ^J^^i^-hwlby t^^ 
Committee on Analvtlaa fi^^^^.^Lin^ 
Chemical Society. "^^^^ ^ f^!^S^^J^ ^ ^^^^ 

S.2 Bami^ Recovery. Two reaf ents are rtqulred for 
•i!?]r'52SSS*Hydi^de (tN). Dij»lve40f NaOH 

in deionlied, dJsUlled waur wid dUut^ ^ 
31 22 Water Delon *ed, distilled to conform to ab i w 
,,5dacaM?n DWrtyPO »• At the opuoa of the 



41 1 W^tteKmlofab«>rbi™aduUon^^^ 

into the flask with tha n»?a in w T ™p^i^"; , 

and pUea the P«*«^i^ "S^S&S ladlthSa iS 
that bU fittinfs are tight and leaic-w, aiio^*u5» 
id flMi lolntt hav " " 



ERIC 
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RULES AND REGULATIONS 



rmUx Uum 10 mm Bm ^.4 in. 11%) over % period of 
inlnuto U not ftectjyUbto, tnd the ftesk It not to be 
jiMd until ^tbe Mage problem U corrected, Proemire 
In the fiask ii not to exceed 75 mm Hi (a in. lit ) ebeolute 
at the time MmDllni ii oonunenced.f Record the volume 
of the flaik end vdve (V/), the flask temperature (TOi 
and tha. barometrlo praaimre. Turn the flask valve 
eounterdoekwUe to lu "purte*' poiltion and do the 
aaaSe with the pump valve, rtuse the probe and the 
vaeuttis tuba uiini m igueeie Bulb. Ii condenmUon 
ooeun In tha probe and the flask valve area, heat the 
— and puiia until the eondenietion diiappeani. 
ithepur 



^Sltoumi. ^ 

the flaik valve ekKlSiria? to its **evacuate[* poeitlon and 



» pump valve to Its ''vent" poeitlon. Ttim 



laoord the difleranoi is the mercury levels In themanom- 
fter. Tha aheoluta totamal preaiure in the flask {Pt) 
m tmial to the baroaitrlo mieure leii the manometer 
WMtog.Tmn^lately turn the flask valve to the ^*8am- 
pli*' poattloQ and pmlt tbe gu to enter the flask unUl 
pnmoim Intha fliik and aai^ line a.a., duct, itack) 
an equiJ. This win uwaQy require about 15 seconds; 
• lonnr period Indlcatea a ^'jHut in the probe, which 
nuft Da oonaoted betea aamdCw is continued. After 
•oUeeting the iamplei turn tbe^k vtlve to it8 "pum" 
portion and diaoonnect the flaik from the sampling 
bain. Shake tha flMk mr at least 5 mlnutea. 

4.1.3 If the IM Woi lampM cont^ insufficient 
aongen lor the eonveniloii of NO to NOT (e.g.. an ap. 
plfcable lubpart of the standard nay require taking a 
aample of a calibration gas mixture of NO in Ni). then 
om«n ihaUbautroduoad into tha flask to pennit this 
oonvenlon. OBygai m$>y l)a intiodoced into the flask 
by.pne d three mithodi; (1) Before evacuating the 
BunpUnt flaik. flush with pure eyllndec oxygen, then 
avacuata flask to 7ft mm Bk (I in. m) abeolute preesure 
or less; or O) inject oxygan Intoiha flank alter sampling; 
or (I) taraunata Mmpung with a minimum of M mm 
Hg (9 In. Hg) vacuum rematnlni in the flask, record 
thu final pieenirap and than vent the flaak to the at- 
mosphere until the flaik imsure is almoet equal to 
atmosphario pretture. 

4.a Sample Recovery. Xiet the flaik set lor aminimum 
of 16 hours and then ahaka the contents for 2 minutes. 
Connect the flaik to a mercury fllM U-tube manometer. 
Open the vtiva trm tha flaak to the manometer and 
fooord the .laik teaparaturs (T». tha barometric 
preanire, and tha diflersaoa between toe mercury levels 
n the manometar. The Abeolute internal pressure in 
the flaak (P/) ia the Daromem p r ea suia tooi the man- 
ometer reading. Tiaotfsr the contenta of the flaik to a 
leak*(rse poljethytane bottle. SUme the flaak twice 
with ^ml pomoni of deioniMd, distilled water and add 



waU^r. to the stopcock. Measure the volume of waur to 
a;10 ml. Record this volume on the flask, 
•.a SpectrophotctneterOallbTation. , 

5.2.1 ODtimum WavMcngth DcWnuinHtit)!!. Vor both 
flifd and variable wavelength spwtrophaUinjptors 
caUbrate against standard c«rtifled wavelongth of 410 
nm, every 6 months. Alternatively, tor variable wavn 
length epectrephotometf^rfl, scan thf) eboctnirn botwi^n 
400 and 416 nm using a WO ^ N Oi standard Rolution (son 
Bixition 6.2.2). If a peak does not occur, the spectrppho 
tometer is probably malfunctioning, and sriould i» re- 
paired. When a peak is obtained wi.hiu the 400 to 416 nm 
range, the wavcSength at which this peak occurs sliall bo 
the optimum wavelength for the meaisuroment of al>- 
aorbance for both the standards and samples. ^ 

5.2.2 Doterminatlon of Spootrophotomotcr Callrjra- 
tlon Factor K,. Add 0.0, 1.0, 2.0, 5.0, and 4.0 ml of Urn 
"KNOi working standard solution (1 mWlOO N0>) to 
a series of Ave porcelain evaporating dishes. To each, add 
as ml of aboorbing solution, 10 ml deionltod, dlstlUed 
water, and sodium hydroxide (IN), dropwlse, until the 

SH if between 0 and 12 (abour ss to 89 drops eftch). 
leginnlng with the evaporation step, follow the analy- 
sts procedure of Section 4.9. until the solution has b^n 
transferred to the lOO ml volumotrlo flask and diluted to 
the mirk. Measure the absorbanroof rach solution, at the 
optimtmi wavelength, as detennlned in Section 5.2.1. 
This calibration proc*<lure must be repeated on each d«y 
that samples an« anaiytod. Calculate the spectrophotom- 
eter calibration factor as follows: 



0.4 Bttuiulc concr^iitrtition, dry basis, corrected to. 
standard conditions. 



tha rime water to the bottla. A 
0 and 13 by adding lodiom hyi 



lust tha ]^ to between 
de (1 N), dropwlM 



(about 25 to 15 dmpa). Check tha pH by dipping a 
atirrlng rod into the aolution and than touching tne rod 
to the pH test paper. Remove as little material as poadble 
during this step. Mark the height of the liquid level so 
that the containar can ba checked for leakage after 
transport. lAbel the container to clearly identify its 
contenta. Seal tha oontahier for shlppbig. 

4.3 Analytis.Notetbeleveloftheliauid in container 
and oonflnn whether or not any sample was loat during 
ahlpment; bote this on the analytical data fhett. V a 
noticeable amount of leakage has occurred, either void 
the eample or ^ methoda, suhjeot to tha approve of 
the Administrator, to correct the final resulta. Immedi- 
ately prior to analyslsi transfer the contents of the 
■hipping container to a 50>ml volumetric flask, and 
rinse the container twice with 6-ml portona of deionlred. 
diitilled water. Add the rinse ws^r to the flaak and 
dilute to the mark with deionlied, distilled water; mix 
thoroughly. Pipette a 25-ml aliquot into the [»rooelaln 
evaporating dish. Return any unused p<atlon of the 
seimple to the polyethylene storage bottle. Evaporate 
thti 25*ml aliquot to dryness on a steam bath and allow 
to cool. Add a ml phenoldlaulfonlc add solution to the 
dried residue and triturate thorobghly with a poylethvl* 
ane policeman. Make sure the nolutior contacts aU the 
residue. Add 1 ml deioniied. o.sUUed water and four 
drops of conoentimted sulfuric acid. Heat the solution 
on a steam bath for S minutes with occasional stirring. 
Allow the aolution to oool, add 20 ml deloniied, distilled 
water, mil well by etirring, and add concentrated am- 
monium hydroxide, dropwise, with constant stirring, 
ontll the pu is 10 (as determined by pH paper). V the 
nmple contains solids, these must be removed by 
filtration (oentrlfugatlon la an acceptable alternative, 
subiect to the approval of the Administratov), as follows: 
filter through Whatman No. 41 iiHer paper into a 100-ml 
volametrio flaak; rinse the evaporating dish with three 
5-ml portions of delonlsed, distilled water: fitter these 
three rinses. Wash the Alter with at least three IMnl 
portions of deloniied, distilled water. Add the niter 
washings to the contents of the volumetric flask and 
dilute to the mark wiCh delonlsed, dtsUUed water. If 
solids are absent, the aolt^tion can be transferred directly 
to the 100>ml volumetric flask and diluted to the mark 
with delonised. (UEuied water. Mix the contents of tbe 
flask thoroughly, and measure the absorbai.cc at the 
optimum wavelength used for the standards (Section 
&.S.1), using the blank solution as a lero reference. Dilute 
the sample and the blank wi;h equal voltunes of df ion- 
ised, distilled water if the absorbance exceeds Au the 
absorbance of the 400 N Oi standard (set} 8€cUon 5.2.2) . 

A. CtUibraHon 

5.1 Flaak Volume. The volume of the collection flask - 
flask valve combination must known priov to sam- 
pling. ABacmt)le the flask and flask valvo and fill with 



Jirc=ioo 



Equation 

where: 
jK".* Calibration factor 
i4iM Absorbance of the 100>>ig NOt standard 
i4t- Absorbance of the 200-^ NOi standard 
iii'Absorbanoe of the Mvg NOi standard 
^i-Abeorbanoe of the 400^ NOi standard 

6.3 Barometer. Calibrate ggalnst a mercury barom- 
eter. 

6.4 Temperature Gauge. Calibrate dial thermometers 
against mercury-ln-glasa thermometers. 

^ 6.5^ Vacuum Gauge. C^brate mechinlcal caugee, if 
used, against a mercury manometer such as that speci- 
fied inl.l.e. 

6.6 Analytical Balance. Calibrate against standard 
weights. 

6. C$Maiiout 

Carry out the calculaUonn, retaining at least one extra 
decimal flguro beyond that of the acquired data. Hound 
off flgures after flnal calculations. 

6.1 Nomenclature. 

i4« Absorbance of sample. 

C-Concentialion of NO, as NOi. dry basin, cor- 
rected to standard conditions, mg/dscm 
Oh/dscO. 

Dilution factor (I c 26/6, ?6/10, etr , required 
only If sample dilution wa? nef^ed to reduce 
the absorbance into the range of callbrallon). 
A'r'Spertrophotometer calibration factor. 

fii»Iiasii of NOr as NOi In gas sample, its, 

Final abeolute jKWiimre of flask, mm Hg <ln. Hg). 

i't^lnitlal abeolute rrpj«iirt* of flask, mm Hg (In. 

/%id "SUindard absolute pros-sure. T*"^ n\m Hg (29.92 in. 
H«). 

T/-Flnal absolute t^mperaturo of flask ."K (^H) 
7\" initial alutolutc tenuK>nituro of flask, CR). 
7 ttd* Standard absolute temperature. 2'j9^ K (528° R) 
Vit'Samplc volume at standard cottditions <dry 

basis J, ml 
V/«Volume of flask and valve, nil. 
V.-: Volume of absorbinf! solution, 26 nil 
2«60/26, the allnnot factor. iU other than a 25-nil 
all<|Uot WRA umxi for analyst* the correspond* 
Inff factor must be substituted). 

6.2 Baniplc volume, dry ba^ls, corrwit<'d lo standard 
condUions. 

^<<^ f> ( V / — Vfl ) I Tft *«» I 

/ .td L ^ f ^ I J 



=A',(iv2r.n>i)[^;-';-;] 



where 



A'l "0.38.18 for lutitric units 

Dim Hk 

in. Hg 
6.3 Total >i« NOi per sample. 



Kquatioti 7-3 



v.; 



Hquation 7-4 



NoTB.— If other than a 26-ml aliquot is used for analy- 
sis, the factor % must bo replaced by a corresiwudlng 
factor. 



where: 

Ki^W for metric uaitr> 

Mg/nil 

6.243 X 10-^5 I^^^^J for English units 

7. Bibliography 

1. Standard Methods of Chemical Analysis. 0th ed. 
New York, D. Vna Nostrand Co., Inc. 1902. Vol. li 

2. fitandard Method of Test for Oxides of Nitrogen In 
Ottseous Combustion Products (Phenoldisiilfonlc Add 
Procedure). Iii: 1966 Book of ASTM Standards, t^ait 91 
Philadelphia, Pa. im ABTM Designation D-I6O8-0O1 
p. 725-720. 

8. Jacob, M. B. The Chemical Analysis of Air Follut- 
anu. New York. Interscience Publlshen, Xno. I9fl0, 
Vol. to, p. 551-550. 

_4. Baatty. K. t., L. B. Bergeri and H. H. Schrenk. 
Determination ol Oaidei of Nltmen by the Pbanoldlsul- 
ionic Add Method. Bureau oflUinas, tJ;6. Dept of 
Interior. R. 1. 8687. Pebruary IMS. 

6. Hamil, H. F. and D, E. Camann. ColIaboratSva 
Study of Method for tha DetermJhaUon of Nl^fOfen 
Oxide Kmissions from Stationary Bourcaa (Fotdl Fual* 
Fired Steai^. Oeneraton). Southwest RaMarch Xnstltuta 
report for BnTifonmental Protection Agency, ftiiearch 
Triangle Park, N.C. October 5/1979. 
^6. Hamil, H. F. and B. E. Tbomaa. CoUaboraUfa 
Study of Method for tba prtarmlnatlon of Nttrogen 
Oxide Emissions from Stationary Bom dei (Nitric Add 
Plants). SouthwMt Reeearch InstittOe report for En* 
vironmental Protection \Agency. /icsevoh Tiiaagla 
Park, N.C. May 8, 

MBTROD 8-*DWUUNAnON ov LuLFumic ACD> Mflt 

AND StiLruH Dtozmx EsctasioHa FaoM BraifoMaBT 

SOURCES 

1. /Miidp^and/lppIfcaMWv 

1.1 Principle. A gas sample la extracted tsoklnatlcatly 
from the stack. The sulfuric acid mist (indudlnfi sulftv 
trloxido) and the sulfur dioxide are senarated. and both 
fractions are measured separately by the faaniiJC*tborlii 
titration method. 

1.2 AppllcabiUty. This method is appUoabIa Idr tba 
determination of aulfurio add mist Oncluding suuur 
trloxide, and in the abstonea of other psgrtlcttlate matter) 
and sulfur dioxide emissions from stationary aouroaa. 
Collaborative testa have shown that the miolmum 
detectable limits of the method are 0.05 milliiDami/cublo 
meter (0.03>*10-t poundVcublo foot) for fulnir dioxide 
and U ma/iii< (0.74 10*' IWft?) for sulfUr dioxide. No 
upper limits have been establisrud. Based on theoretical 
calculations for 900 milliliters of a percent bydrDgen 

oxido solution, the upper concentration limit for 
sulfur dlotidti In a 1.0 m> ft>) gas Bftmple Is about 
t2,50n rnK/rns (7.7X10~« Ib/ftO. The uDi.er limit can ba 
extended by increasing the (iuantity of peroxide aolution 
In the Impinsors. 

Posslblo Interfering agents of this method are fluoridea, 
free ammonia, and dimrthyl aniline. If any of theae 
int^TfcHnf? e«pr>ts are prMont (this can be detemlnod by 
knowledge of tlic process), alternative methods, subleoi 
to tho approval of the Administrator, are required. 

Filteraitli' ttartlculate matter may be determined along 
wiih HO I and 6O1 (subject to the approval of the Ad- 
ministrator); hov'ever. lue procedure for particulate 
matter niu5t be consutent with the spoclf^catlona and 
proc'i'duro.s gtvon In Method 5. 

2. AppCTQlui 

2.1 HamplinR. A schematic of the rampUng train 
usNl in this method is shown in Fimire 8-1; it Is dmilar 
to tho Method 5 tralii except that the filler poaltion la 
dlffi-rnnt and thi* flltor holder does not have to bo heated. 
Commercial mod«tls of this train arc available. For those 
who d(«irp to bulM thuir own, however, complete con- 
rtrucllon details arc d^icrlbed in APTI> a'i81. Changea 
from the APTD^l document and allowable mool- 
ncations to KlKtiro 8-1 are discussed in the followiog 
subsct'tlons. 

The operating and maintenance procedures for the 
sampling train are desciibed in APTl)-057a. Since correct 
usage is im|)ortant in obtaining valid results, all users 
should r(\ad tho APTD-0574 document and adopt the 
o(>eraUna and maintenance procedures outlined In Itj 
unless otherwise specined herein. Further details and 
fuidt^lhips on operation and maintenance are given in 
Mm hod ^ and should bo read and fallowed whenever 
thpy arc applicable. 

2.1.1 Prolx) Nonle. Same as Method 5, Bection 2.1.1. 

2.1/i Probe Liner. Boroslllcate or quarU alaasi with a 
heating system to prevent visible condciisaUon during 
sampling. I>o not use metal lirobe liners. 

2.1.3 Pltot IMbc. Same aa Method 5. Section 2.1.8. 
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TCItf€IMTURESEIISOfl 



THERMOMETER 



CHECK 
VALVE 



7n 

ICVERSE TYPE 
mOTTUBE 




VACUUM 
LINE 



VACUUM 
GAUGE 



MAIN VALVE 



AIR-TIGHT 
PUMP 



DRV TEST METER 



Figure 8-1 • Sulfuric acid mist sampling train. 



11. i DlffertntUl Presnire Omit9> Same u Method B, 

wJir Hcddcr. Borc«JUc«t« riwi, with » llw 
tit tUt« tnpport and ft slUcom robb«r gtakfit. Othtr 
g ^' SiJiatg Teflon or Vlum, may bo used nib- 
Metto tbo MDcoVti of the AdmliUsUmtor. Th« holder 
SMif&tMl proYlde A potlUye teol Rgslut from 
tbo OQtaldo or ftround tbo fUter. Tho fUtor bolder RhoU 
f plMd iMtweon tbR 11m And Reoond Unplngciv. Noto: 
DonothootthofUterholdw. ^ ^ . , «,v 

XUt Implniero— Four. Ra Rbown in Flcoro The 
flnt RDOtnud rI»11 be ot tbe Uttenburg-Sinith design 
wlto RtaooArd tlpi. Tbe Rocond Rnd foortb RhaU bo of 
tbo Oroonburf •Bmitb deetgn, modified by roplAclns the 
Inaert wttb on opproxiinotoly 13 mUltmeter (0.6 In.) ID 
glo» tobo, bOTlnt on tinconstricud tip located is nun 
Tor ino from the bottom of the flask, filnllar collection 
•yRtema, which ba?e been approved b) tbo AdminiR- 
tntor, nay bo oroO. 

11.7 lioterlof ByRtem. Same a.^ Method 6, Section 

a.l J Baroiaoter. 6axoo aa Method 5. Section 2.1.9. 

a.1.9 Qaa Donsity Dotermlnatlou sqniproent. Bame 
M Method 5, SoettonZl.iO. 

11.10 Tcttperatun Oauce. ThermoTnotar. or ecialTa- 
iMt. to meaROTR tho temperatara of the gas leaving the 
Impinger train to vrlthln |» C (z** F). 

la Bample Roeortry. 

Ill Waab Bottlee. Polyethylene or glass, 500 ml. 
(two). 

1?J Oiadoated CyUnders. 250 ml, 1 Uter. (Volu* 
meblo flackR may alao be used.) 

12J 8tor«CRBotti«R. Leak-free polyeihylonRbotUeR. 
tfiOOol^iUo (two lor each Romi^ng run). * 



2.2.4 Trip Balance. SOO^^tan capacity, to meawre to 
:^0^ I (nocRRRary only if a nmisture conUnt analyslR U 
to be done). 

2 1 Analyiii. 

3J.1 Pipett«a.Volumotrlt2&nil,100inl. 

2.3.3 Burrette.COml. ^ ^ , 

2.9.3 Erlenmeyer FUek. 250 ml. (one for each Rampie 
blank and RUndard). 

2.3.4 Graduated Cylinder. 100 ml. 

2.3.5 Trip Balance. 600 g capacity, to measure to 

^SRO Dropping Bottle. To add Indicator eolutlon, 

12&-ml Rlie 

lilraff€nlR 

tJnlesR olhorwUe Indicated, all reagenu* are to conform 
to the Rpeolfteatlona fOtAbllshcd by the Committee on 
Analytical ReatjentR of the American Chemical Society, 
wh^ RQoh RpodflcationR are available. OtherwlBe. uro 
the bett available grade. 

3.1 BampUng. 

a.1.1 Flftert. Same as Method^5. SfctJon S.l.i. 

8.1.2 Blllco Qol. dame aa Method 6, Section 31.2.^^ 

3.1.3 Water. Dekmitod, dlRillled to contorm to A8TM 
Rpedflcatlw Dlig»-74. Type 3- At the option of the 
anJOyRt, tbo KMnOi teit tor oiidliable wgaiilc matter 
znay be omlttod wbeb bli h oonoentratioiis of orgaiuo 
matter are not expected to im preoent. 

3.L4 If«propanol. 30 Pensont. Mix 800 ml of Isopro- 
panol with 500 ml of deionlsed, dUWled water. 

Noti.— IxpertenoR has Rhown that only A.C.8. grade 
iRopropanol u RaURfactory. TeaU have shown that 
iRowopanol obtained tros^ oomiORrclal i^iroeR ocoa» 
ot£aaUy ha* pamida InpuritiRR that will cauRe er« 



nmecoaly high goMtek add »iA5^*«"«2!SS J^S 
the following teRt for detecting PoroHiRR to «a^ lot of 
iRopropaool: SbRke 10 mi ^ ^J^^f^^^^J^th V^J^ 
of frSffilypwparRd iqpRwwt KiMf^tt^ toii^,*?}^!}^ 
Prepaia a blank by glailtfly tivftti^ 10 ml of dWlM 
watw. Altor 1 mintrto, read tha ^i^pi^SHS!^ • ^S!^^ 
pbotoraetw at 352 DanoMtart. If the abgf^^ 

i?.l. the iRopropanol Rball not bjoM- ^'^'^ ^ 



_ , w^-^.FaioiidRRmayba 

removed Irom lioprooanol^ !*H$SJ^« S ^ 
through a oolunm 

agontirr^le iRopropanol wtthiatablf i^JPSI^?*!^!!? 
Ir raR^lly avaiWfefrom oommatoia ^^^^^^^J!^! 
rejecUon of contaminatad loU ma» be mocR eOdent 
than foUowlng tbo parwida '•»8^** P^PPSflH?- 

3.1.6 HydSgen Kroxido, 3 Percent. Dilute 100 ml 
of 30 porodnt hydrogen peroxide to 1 Ut« wild deloolxed* 
dUtllTed vrater. Prepare (reah daily. 

3.1.Q Crushed loa, 

il.a Bample Rooovery. 

3.2.1 Wi&r.BameaR3.1A ^ ^ ^ . 

12.2 Isopropanol,80Peroeat*6ameaRll.«. 

3.3 AnalyaU. 

3^.1 Water. Samo RR t^-X ^ 

3 3.2 liopropanol, 100 Poiteot. . , * ^.^^^ 

3.3.3 aniorin Indicator. Ho^»)noiAenylaio)-2"naph^ 

thol-3. MlRuUbnic acid. dlRodlum RalJL oc oqulvalent. 

D URO veO^ gin 100 ni ia delonlxed, dkUM water. 

1 .o&gof btrium Pe!75*MlJ^'?*^**-?S^ 

in W ml delonltod. dWlW wa^^ 

with iRODronanol; 1.^ f of ^^^^^i^Sj^S^. 

(BaClf2Hsfi) mar be uaad ioRtiad ol tba bfrtwo pw- 

ihloSte^tiiidi^fl 

ThiR Rolution muRt b« piotoctod agaLoRt ovaporatkm at 
aUtlmeR. 
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■fiOiitl priiaanr 



SulfuriQ Aold 81 
•UndtfdlM to ±0.0002 
lam ptt^Unt^ ^.i^^, 
•Unotftl potastiiin add pbUialate. 

4. Proudun 

4.1 fiUDplillft 

4.1.1 Pr«tMt Pwpirttlon. FoUow the pmedure opv 
Un«d In Method 5, Beetton 4.1.1; flltenihould be In- 
spected, but newJ not be dealoctted. wejihed. or Identi- 
fied. U the effluent its owi be eo&sidered dry , 1^. , moia* 
liin (m. the lUlco gel need not be weighed. 

4.1.2 Preitininary DetermlnAtioni. Follow tho pro- 
cedmiB outlined In Metlwd 5, Bectio^^ 

4.1.) Prepw^ulon of CoUeotion Train. Follow the pro- 
cedure ouUlrSd in Method 6, BeoUon 4.1.3 (eioept lor 
the ieoond ptfftmph ind other obviously Ingpplkabie 
poru) »nd uee ^gure 8-1 Initead of Figure 5-1. RepUoe 
the eeoond pwweph with: Place 100 ml^ o! W percent 
laopropanol In tne first imi^nger, 100 ml of 8 percent 
byorogen peto&ide in both the aeoond and third Im- 



RULES AND REGULATIONS 

pliwen; retain a portion of each reagent for uflc w a 
Gank aohitioo. Place about 200g of lilioagel in the fourth 
tinptuter* 

Nots,— If molgttire content la to be detenrlnrd by 
ImplDger analysis, weigh each of the first three Implrigoi; 
(plus abiOrbingsolaUon) to the nearest 0.& g and record 
these weigbtaTThe we&ht of the silica lel Tor siUca gel 
l^us ooDtalner) mus* also be determined to the nearest 
0^ g and reoordedi 

4.1.4 Pretest Leak-Check Procedure. Follow the 
-batio procedure outlined In Method 5» Section 4.1.4.1, 
noting that the probe heater shall be adjusted to the 
minimum temperature required to prevent condensa- 
tion, and also that verbage such as. ''^^ * * plugging the 
inlet to the Alter holder • • ehall be repStyd by, 

• • plumng the inlet to the first Impinger • • 
The pretenuik*«heck is optional. 

4.1.& Tnin Operation. Follow the basic procedures 
outlined in Method 6, Section 4.I.&. in coniunction with 
the following special instructions. Data shall be recorded 



on a fihcH't similar lo the ono in Figure 8-2. The sampling 
rate shall not exceed 0.030 m'/min (l.Ocfm) during tha 
run* Periodically during the test, observe the oonnaetltit 
line between the probe and first impinger for signs of 
condensation. If it does occur, adjust the probe heater 
setting upward to the minimum temperature required 
to prevent condensation. If component changes become 
neoessaiy during a run, a leak-check shall ^ done lm« 
mediatory before each change, according to the procedure 
outlined in Section 4.1.4.2 of Method fi (with appropriate 
modifications, as mentioned In Section 4.1.4 of this 
method); record all leak rates. If the leakage rateCs) 
exceed the ipeciflod rate, the tester shall either void the 
rm. or shall plan to correct the sample volume as out* 
lined in Section Q.3 of Method Immediately after com* 
ponent changes, leak-checks are optional. If theae 
leak^chocks are done, the procedure outUnod in Section 
4.1.4.1 of Method 5 (with appropriate modlflcstiona) 
shall be used. 



PLANT. 



LOCATION. 
OPERATOR. 

DATE 

RUN NO. _ 



SAMPLE BOX NO. 
METER BOX NO.. 

METER 

C FACTOR 



PITOTTUBE COEFFICIENT, Cp. 



STATIC PRESSURE, mm Hi (In. H|) 

AMBIENT TEMPERATURE 

BAROMETRIC PRESSURE 

ASSUMED MOISTURE. X ^ 

PROBE LENGTH, m (ft) 1- 



SCHEMATIC OF STACK CROSS SECTICTtJ 



NOZZLE IDENTIFICATION NO..^ ^ 

AVERAGE CALIBRATED NOZZLE DIAMETER, cm(in.). 

PROBE HEATER SEHING 

LEAK RATE, m3/min,(efni) — — - 

PROBE LINER MATERIAL . 

FILTER NO. 



TRAVERSE POINT 
NUMBEF. 


SAMPIING 
TIME 

IB), m\fL 


VACUUM 
mm H| 
(In. H|) 


STACK 
TEMPERATURE 

•C(*F) 


VELOCITY 
HEAD 
(APs), 
mm H2O 
(I11.H2O) 


PRESSURE 
DIFFERENTIAL 
ACROSS 
ORIFICE 
METER, 
mmH20 
(iR. H2O) 


GAS SAMPLE 
VOLUME. 
w3(ft3) 


GAS SAMPLE TEMPERATURE 
AT DRY GAS METER 


TEMPERATURE 

OF GAS 
LEAVING 
CONDENSER OR 
LAST IMPINGER, 

•C('FI 


INLET. 
•C(«F) 


OUTLET, 
OC ('F) 
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Figure fi-2. F lelo data. 



Aft'T tiiH.lng ofT thi» pump fim\ n»mrf!. im U\r fl-ml 
rc'admy^ al U?" oorit lu>Mn of riwh run. rr::.i:M ') «■ i»r.»ho 
from tho sUrk. Coatlurl a t>i^^.l-t^st (iii»UTt:i!..ry j 
cluck jvs Ml Si'<:t on 11.4.3 of Mrtliofi f» (w'th uM-i^n" i'*t.' 
nwiiMrniloi.; mi'l rurnrd the U'uk rnto. If th.* p^^i-t'-i 
le:»ku,>»» rit« OTKt'cdr. iho spocltiod accfptjvMlp rtii*-. 
tfH'ir sMiiU ruht»r oorurl U\e SHmnlo v<jliinu'. us oailiiu'd 
In F!. vllon 6.."^ of .Method 5. or shuil vobl tli«' run. 

Druii the iL« bnth and, wtth tho proJ'** dt*^. inniftod. 
purK»* tho rftmMidnK part of Ihe^ iruiu, diuv^ 'ny > Iimh 
Ambient air throORh tho sysiom for i:» niu viti .it t)»i- 
aviTi^r flow rail' Ubi-d for sainplinK. 

NuTK.— Cloan ambient air can be provided bv passing 
i\ir through a churct.al filter. At the option of ifio t^vstiT. 
•mblent tiir (without cloanlng) may us(<d. 

4.1.e Calculation of iVrcont l*?ok1nrtio. KoUow tho 
procedUTQ outlined In Method 5, Section 4.1.0. 

4.2 SHmpie Kecovery. 

4^.1 Coataiuor No. 1. II a molsturo cont<>nt analysis 



\^^ tfi \,v (lour, lnh I'n' 
tb»- :i " '■ n II- ■". 

'i i.^i':- ■ T Ih'" (Mint. I ! N 
giiid'iaU'd fvliiMliM". 



tlif first iiMplnrrt I. 
t Mf \.\ t:\ V, Iir*'- M'ln^ 



(jf lhf» rilt> r fiuI'l.T witi. pi'ii'i 111 i«s»p'i.j'i\i."; A<1'! 
rui.'k' stjiutiun to t!..- .micr Uil'ih' lo ".'"i* 1 ■! vMth 
IHTo-nt No|"-.i;.Mi'ii \ I I Ihf lUt.'i td tin- ■> ' ir- m t*.^ 
and trun.^for t., tli.- sine. ..Maiin'r. Vroij . { thv -^iluti ■ : 
HgKn»*«l » vnpi:Jntl'»iv Ntiuk Iti^ l.-vi'l ni im i.i t 

co.'ituini'r ah' I tdi-ntifs Nurnpli- rMuiani.'r. 

i 2.2 rt;!.?«um'r Ni^ J. If » timrMtirc i-«.ti«i'!»i hm.iIv^ > 
is lo ho doni'. veif^h tho .s«Hond and thud n'*.p: -K' r'^ 
(plus c<>nt«\nt9) U> Iho iiomost 0..^ ti and forori) !h. 
wolnht.i. Al?w). wt'lj:li thi» Hpoitl sdu a k^I it i sUu-u h»1 
pluRlmplnnor) to the noarost 0.5 g. 

lYansfor tho solutions from th^^ ftocnnd and thini 
implngors to a lOXVud gnuiuat^^d cylli»tt'r. HlnM* nil 
connwluiB glasswiuo (IrjcludinK batk half of hUcf lioltitr) 
between thu flUei liud silica gel impinger with doi<?nuod. 



■1 -A.lt-T 



I'l 



■ f. r : 



sn'Hi !<■ • »»• 5" 
■t .1 .M-n'.i 
N-.U- th- i 

/■rtii \s I. - I ■ . 

rii- .1 . U'lti' . 

Ivt'lt .l.llDlt'l' 

A'l.- 't.isH 



,d nd l ".1^ I ^iiiiT i(» ^ yhiidi'r 
,.' .»f \^"tn d-'iuiiii- 1. iIi^IiImk! 

aa-.-' .^t ill mid idontify th<i 



I fi 1 11 id '? li'i'! ' ori* 
A H.. ! ■ -1 »i:n.';^! shjp- 

» If JV UolllM^ 

■ i. . .1.'.. r V -I'l tho 
Ml. u; ; uiVtt. 'if Iho 



I* J f ■.■ ;il» •'.,*»^ \- \y l^ . ' 
I', nu t! ■"I'^, •'UJ J' '. I 

*.;n ( '.ift'ii ..t r \{i 1 M. iKo U '' <«...ta,v.T lioldmg 
tho jj^^priipiiJitil s<:lijtroii anil the UU'f. if Uio hUcr 
br» »ik.'; u|). aUtivk th* fragujoutstn^u'lli.' for a few minutes 
Ijoforo rouiovujg a Hatnplo I'UM lti- u lui-n.l alHpwt of 
this ^»IutU)n int^i a Z'/^-uA Ki InninoytT flask, add 2 to 4 
drops of Ihorin uulh iit'ir. uml tiiruti- in a pink ontlpolnt 
u.sn.g <KOl'iO N baruun j^n hloraUv i<4'i>«'ttt iho turotiou 
with ase^Hjud lUitiUut of suuiple and aveXHgo tho lUratiwi 
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nltNi. BtpUpitt tltriUoni mmi aim within 1 peroent 




^^S^ by iddinj a to 4 drew 

ofWln InStofttor to 100 ml of 10 P«tiin| iaoproMAOl* 
Titfttte tbt blanks in tbo wmt minncr u the lampies. 

5. oaibr$lhn 

M CtUbrrta wnlpnttt Oilnf the pjoc^^ 
Add to th« foUowuif MotioDf o( Method 6: BmUod 5J 
(metering intem); Beotlon (.6 (tempentore Rtugei): 
Beotlon f .7 fbtrometer). NoU that the reooTmnended 
letk-oheck of the metennK intern, deecribed in Beotloo 
5.e of Method 5. aUoappttee to thU method. 

6.3 Standardtie the barium iwrohUjrtte ecjvitlop with 
35 ml of itandard nilfurio aoio. to which 100 ml of 100 
percent laopropanol bu been added. 

0. CtUtuHathm 

Not«.**CftrTy out calonUttonB ntalnlnx at least one 
extra decimal figure beyond that of the acquired data. 
Round oft flgurei after fimil calculation. 
e.i Nomenclature. . . . , . 
^••Croaa-iectlonalareaof noitle, m* (it»). 
fi^vWater Tftpor in the gas Btream. proportion 
by Tolume* 

CnsdOi*6ulhirtc acid nncluding BOi) concentration, 
l/dscm (Ib/dacf)* 
CBOjoBuuur dioilde concentration, g/dscm Ob/ 
diof)* 

/-Percent of isokinetic sampUng. 
Ar«,Normallty of barium porehlorate titrant.fl 
equJvalenta/litA. ^ 
fbar-Buometric presiure kt the sampling site, 
mmHg(in. Hg). • 
^.-Absolute stack gas preaaure, mm llg (In. 



•S^(iard 



absolute pressure, 760 mm Hg 

(29.03 in. Hg). 
Tm - Arerage absoluU dry gas meter temperature 
(secFlgure8-2),*'KrR). ^ , 
Av^rue absolute stack gas tempemture (see 
Flg^0-2),*K(*B). 
T6td« Standard absolute temperature, 293^ K 

VmmV^m^oi sample aliauot titrated, 100 ml 

for HiBOi ana 10 ml lor BOt. . ^ 
V(i »Total volume of liquid ooUected in implngers 

andBmcagel,mI. ^ ^ u 

Vn** Volume of gas samjple u measured by dry 
gas meter, acm(dcf>. ^ w **. -ii 

V^i*(8td) •Volume of gas lample measured by the dry 
gas meter a>rrected to standard conditions, 

dscm (dsci). . ^ w J u 

0,-Ayerage stack gas velocity, wwulated by 

Method 3, Equation 3-0. using daU obtained 

from Method 8, n^seoCfttec). _ 
V8oln»«Total volume of solution in which the 

sulfuric acid or sulfur dioxide sample Is 

contained, 2W ml or 1,000 ml, respectively. 
Vi -Volume of barium perohlorate tltrant used 

for the sample, ml. . 

Volume of barium perohlorate titrant lued 

for the blank, ml. ^ ^, , ^ 
K- Dry gas meter calibration factor. 

Average pressure drop across orifice meter, 

mm(ln.)H|0. , 
e-Totai sampling time, min. 
13.0 - Bpeclflo gravity of mercury. 
eo«sec/min. 

lOO-Converslon to percent. 

6.2 Average dry gas meter temperature and avcrace 
orifice pressure drop. See data sheet (Figure . 

0.3 Dry Oas Volume. Correct the saraplo volume 
measured by the dry Kas meter to standard conditions 
(20^0 and 760 mm Kg or 68" F and 29.92in. Hg) by using 
Equation 8-1. 

V - U K/'M^~^i^^^''- 
= AiVw/ 

i n 

Equation 8-1 

whor?. 

ifi-0.385^J*K7iJim Ug for metric units. 

-17.64 **R/ln. Hg for Engllflli wUta. 
NoTK.—If the leak rate observed during any manda- 
tory leakKibecks exceeds the specified Bcceutablo rate. 
• the tester shnll either correct the value of in EquaUou 
R-l (fts described in Section 6.3 of Method 5), or Bhall 
Invifclidate the test ruii. 



oZAiku^TdloiSiol wS&t vapor KaivUoo 

ttonMot Uetbodl. Tb« ''Note" to BeeUon elsotMethod 
moM%{Htotb& method. Note ttwt U tlw offluent tu 
St«£nfl»fc» MMl(fi^ dry. the toIuim of w»t*r Ttpor. 

Equatloo 8-2 

* !f?i2i'o.W90l «/mlUlMjulT«lent tor metric unlti. 
-1.081X10-* Ib/roeq for KngUsh unlta. 
e.e SuUur dioxide ooncentratlon. 



-BO,' 



Equation 8-3 



^^io.03203 g/meo for rnetrlo units. 

••7.061 Xia-*lb/mea tor English units. 
■ 6.7 IsoWnetlo Variation. ^ 
6.7.1 Calculation trom raw data. 



Equfttion 8-4 



^^^1-0.003464 mm Hg-mVml-*K for metric units. 
-oIowStS In. Hg5t»/ml-«B for English units. 
6.7.2 Calculation from intermediate values. 



Equation 8-5 

where: 

iC»»4.320 for metric units., 

-O.OMW for English units. ^ 

6.6 Acceptable B^ts. It W percent <I ^UO per- 
cent, the results sre aocepttble. Ifthe resuIU sjre low In 
comparison to the standards and I Is beyond the •a»pt- 
able range, the Administrator msy opt to fcwpt ftie 
multTuw Citation 4 in the BibUography of Method B 
tTicSke judgments. Otherwik r^ect the results and 
reraattheteft. 
7. BiUiographv 

1. AtmoSDheric Emissions from Sulfuric Acid Maou- 
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Method 5 Particiiltte Test 
Calculaiioki Form 



1. Nccccssary Dala 

A. Reference Method #1 
• Area of stack- ft^^ 



• No. of equivalent diameters upstream 



No. of equivalent diameters downstream 

No. of traverse points 

loial test lime (d) ^minutes 



%CO, 



B. Reference Method #2 

• Ave rage stack temperature 1\ 

• Stack absolute pressure in. Hg 

• Barometric Prf?ssure in. Hg. 

C Reference Method 

• %C02 ; %02- 

D. Reference Meihod #4 

• W^ier collected 

Impinger H2O 

Silica Gel gm 

E. Rcfcrrnce Method ^5 

• An a of nozilc 



"F^ 460 = 



ml 



-fi'-^ 
in. H'zO 



• Average meter temperature 1 rn 

• Dry gas meter correction factor 

• Volume metered = CI 

• Particulate Weight 



gm 



: %N2. 



+ 460 = 



II. Calculations 

A. Standard Volume Metered Y = Dry Gas Meter calibration factor 

^. Isid f»'b+ 13.6 
Vm(sid)- ^m^ p ' 



Psld 



m 



^ \29.92 in. Hg/V 



in. iigV 



dscf 



ERIC 



B. Moisture. Content of Stack Gas 

1 . H2O collected in impingers in standard cubic feet 
Vwc(sid)=K(Vf-Vi) 

V^vt = 0.04707 ft^/ml ( nil)= scl 

2. H2O collecicd in silica grl in standard cubic feet 
VwsR(std)---»^ (W|- W,) 

Vwsg(sid)-0.047ir, (i^'Km ( gm) 



S. Moisture content of stack gas (Bws) 
VwcCstd)-*- ^wsg(.std) 



Bws- 



'^'wc(std) + Vwsg(std) + Vm(std) 



( 



.scf) + ( 



.scf) 



scf) + (. 



scf) -I- (_ 

C. Molecular Weight of Stack Gas (Ib/lb-mole) 

1. M(i (Dry molecular weight) = ICMxBx 
Md = (.44) %C02+ (.32) 



.scf) 



(.28) %CO + (.28). 



%02 + 

%N2= Ib/lb-moU- 



2. Ms (Wfi Molecular Weight) = Md(l - B^^) 4 18 B^g 



(1- 



)+ 18(. 



) = 



D. Average Stack Gas Velocity 



. Ib/lb-mole 



Vs= 85.49 fi 'sec 



lb -mole (in. Hg) 
^°R(in.H20) 

(in. H20) - fi/se< 



E Average Slack Gas Volumetric Flow Rate 

Istd I's 

Qs=(3600 sec/hr){vO(A^)(l - Bvvs) — 

'^sid *s 



Q^- (.S(iOO set hi)(-- 

'■ d.scf hr 



f I sei )( . 



fi''^)(l 



( 



( in. Hg)( 



528°K 



29.92 in. 



)°R 



Ib/lb-mole) 



in. Hg 

______ 



erJc 
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I*. Polluiam Mass Ran- 

PMR X Q, 

m PMR= ^ X dsti lu X ------ = _ U> h' 

dscf 454 gm lb 

G. • %Isokincuc Variation (Imermediaie Data) 

TsVm(std)PsidlOO 



%I = 



/o ^ 



An^sPsTstd60(l - Bws) 

( °R)( (lstr)(2!).92 ill. 11^) 



ft^H min)( ii sec)( in. HgK528°R)(60 sec min)(l 
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A GUIDELINE FOR EVALUATING COMPLIANCE TEST RESULTS 
(Isokinetic Sampling Rate Criterion) 

R. T. Shigehara 
* Emission Measurement Branch. ESED, OAQPS. EPA 

Introduction 

The sampling rate used in extracting a particulate matter sample 
is important because anisokinetic conditions can cause sample concentra- 
tions to be positively or negatively biased due to the inertial effects 
of the particulate matter. Hence, the calculation of percent isokinetic 
(I). Is a useful tool for validating particulate test results. Section 6.12 
of the recently revised Method 5^ states. "If. 90 percent < I ^110 percent* 
the results are acceptable. If the results are low in comparison to the 
standard and I is beyond the acceptable range, or, if I is less than 
90 percent, the Administrator may opt to accept the results." 

This guideline provides a mre detailed procedure on how to use 
percent isokinetic to accept or reject test results when the sampling rate 
is beyond the acceptable range. The basic approach of the procedure is to 
account for the inertial effects of particulate matter and to make a 

2 

maximum adjustment on the measured particulate matter concentration. Then, 
after comparison with the emission standard, the measured particulate matter 
concentration i -ategorized (1) as clearly meeting or exceeding the 
emission standard or (2) as being in a "gray area" zone. In the former 
category, the test report is accepted; in the latter, a retest should 
be done because of anisokinetic sampling conditions. 
Procedure 

1. Check or calculate the percent isokinetic (I) and the particulate 
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matter concentration (c^) according to the procedure outlined in Method 5. 
Note that must be calculated using the volume- of effluent gas actually 
sampled (in units of dry standard cubic feet, corrected for leakage). 
Calculate the emission rate (E), i.e. convert c^ to the units of the 
standard. For the purposes of this guideline, it is assumed that all 
inputs for calculating E are correct and other specifications of Method 5 
ere met. 

2. Compare E tc the standard. Then accept or reject c^ using the 
•criteria outlined below. (A surrenary is given in Table I): 

a. Case 1 - I is between 90 and 110 percent . The concentration 
Cg must be considered acceptable. A variation of + 10 percent from 100 
percent' isokinetic ^s permitted by Method 5. 

b. Ca se 2 - I is less than 90 percent . 

{" , If E meets the standard, c^ should be accepted, since 
Cg can either be correct (if all particulate matter are less than about 5 
micrometers in diameter) or it can be biased high (if larger than 5 
micrometer particulate matter is present) relative to the true concentration 
one has the assurance that c^ is yielding an E which is definitely below 
the standard. 

(2) If E is above the standard, multiply c by the factor 
(I/lOO) and recalculate E. If, on the one hand, this adjusted E is still 
higher than the standard, tht adjusted c^ should be accepted; a maximum 
adjustment which accounts for the inertia! effects of particulate matter 
has been made and E still exceeds the standard. On the other hand, if the 
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adjusted E is lower than the standard, a retest s.hould bo done, 
c. Case 3 - I is greater than 110 percent . 

(1) If E exceeds the standard, .c^ should be accepted, since 
Cg can either be equal to the true concentration or biased low relative 
to it; one has the assurance that E is definintely over the standarH , 

(2) If E is below the standard, multiply c by the factor 
(1/100) and recalculate E. If, on the one hand, this adjusted E iS still 
lower than the standard, the adjusted c should be accepted; a maximum 
adjustment which accounts for the inertial effects of particulate matter 
has been made and E still meets the standard. On the other hand, if the 
adjusted E exceeds the standard, a retest should be done. 



Table I. Summary of Procedure 



Case 


I 


Category 


Decision 


1 


90 - no 




Accept 


2 


< 90 


E < Em. Std. 


Accept 


c^(I/100)-^ Eg^. > Em. Std. 


Accept 


Cgd/lOO)-^ Egj^ < Em. Std. 


Retest 


3 


> 110 


E > Em. Std. 


Accept 


Cgd/lOO)-^ E^j. < Em. Std. 


Accept 


Cgd/lOO)-^ Eg^. > Em. Std. 


Retest 
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SUiUni ry 

A procedure for accepting or rejecting particulate matter test 
results based on percent isokinetic has been outlined. It provides a 
mechanism for accepting all data except where anisokinetic sampling 
might affect the validity of the test results. This procedure is one 
of several useful tools for evaluating testing results. 
References 

1. Method 5 - Determination of Particulate Emissions from Stationary 
Sources. Federal Register . 42(160) : 41 776-41 782, August 18. 1977. 

2. Smith, W. S., R. T. Shigehara, and W. F. Todd. A Method for 
Interpreting Stack Sampling Data. Stack Sampling News. K2):8-17, 
August 1 J73. 
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STUDENT HAN':)0UTS "HOD EPA VALIDATES NSPS METHODOLOGY" AND 
"CORRECTION OF S-TYPE PITOT-STATIC TUBE COEFFICIENTS UHEN 
USED FOR ISOKINETIC SAMPLING FROM STATIONARY SOURCES" 
REMOVED DUE TO COPYRIGHT RESTRICTIONS- 
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SOURCE SAMPI.INC' FOR PARTICULATK EMISSIONS 
APTI COURSE NUMBER 450 

PKKTKS'I' 

DIRECTIONS: Circle the bejrt annver (there is one and only one correct uiswer for each queition). MaHc 
anewen both on your Exam Sheet and on the Anawer Shent. You will be aAed to turn in only the 
Anawer Sheet (The Auguat 18, 1977 Federal Regiiter and a acientific calculator may be uaed during this 
teat You Aould take no more than 45 minutea.) • 

1. How would you correct the "C" factor of your nomogrsph if your pitot tube had a coefficient 
ofCp = .79? 

a. Talie C*=°" = 0.85/0.79C„omoE 

nomog nomog 

b. UseC^oi^ = -2ILC„^mog 

nomog 0.8;: 

c. The nomograph can't be corrected for a different Cp. 

d. Use C^-'^ = (^'79)2 ^ 

. """^"^ (0.85)2 

2. Tlic TypeS pitot tube lias demonstrated several chonictcriitics that arc 

fiUnding its proper function and application in measuring gas velocity. Those characteristics 
which can affect its performance are: 

a. Tube length and diameter 

b. Sensing area and tube length 

c. Sensitivity to turbulence and orientation ^-^^ 

d. Sensitivity to temperature variation and abusive envtronmenU 

3. What assumptionB does the nomograpl. make about the sUck gas molecular weight? 

a. Th'r molecular weight can be corrected for %C02 and %02- 
I). The dry stack gas molecular weight is measured to be 29. 

c. The molecular weight (wet) is assumed to be 29. 

d. The stack gas molecular weight is directly related to v^, the sUck gas velocity. 

4. Correcting pollutant concentrations to 12% CO2 is applicable to: 



1. Non-combustioii processes 

b. All chemical processes except oil reBneries 

c. (^.tmbustion processes 

d. <Jnly those processes burning No. 2 diesel oil 
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5. 



If the particulate concentration U meaiured aiO.l gttiia per dry itandard cubir foot (DSCF), 
and the atack gu flow rale is 70,000 DSCF per minute, what it the particulate emiwon r»l.- 
in pounda per hour (7000 grain« = 1 pound)? 

a. 60 pounds/hour 
b- 1 pound/hour 
c. 10 poundit/hour 
^ d. Need more information 

6. If tho gas aiiilysis is 6.2% O2, 14.2% COg. 0% CO, 79.6%N2 and the % HgO ib 7.0%, the wet 
molecular weight of this mixture is; 

a. 29.6 

b. 23.8 

c. 9.0 

d. 30.9 

7. The greatest source of experimental error for a stack test arises oui of the measurements for: 

i. Moisturf content of the stAck gas 

b. Molecular weight of the 8Uck gae 

c. Velocity of thv: stack gas 

d. Sample point position within the duct 

8. The most important aapoct of a safety evtluaUon proceduit designed to prevent accidenlti is a 
continuous: 

a. Reminder to personnel of previous accidents 

b. Accident analysis program 

c. Safety indoctrination program 

d. Stronger enforcement of safety rules 



9. The on-site sampling team should follow : 



a. Their developed safety methmls 

b. Plant safety regulations and those guidelines given in the CRC safety handbook 

c. All plant safely guidelines in addition to those developed specifically for the sampling 
team 

d. Posted plant regulations 



10. The Glass Fiber Filter used in Method 5 particulate sampling must: 

a. Exhibit at least 96.5% collection efficiency 

b. be danicated 24 hours and weighed to a constant weight 

c. Be deasictted 24 hours and weighed to the nearest LO mg 

d. be dessicated 6 hours and weighed 
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I Turbiilencr IB crvati^il hy tljy acci*^ Type S pitol IiiIm . Hm rffrclof 

turbuhmcf upon ihr calihralu)n of ihe Type S pitol lubr ia minimiwd when the accewJory 
is separated from the pitot lube by a diBUncc: 

a. 7.62 mm 

b. 3/4'' 

c. 2'' 

d. 3" 

12. The term A 1^ is defined as: 

a. The niim of the stagnation pressure and sUtic pressure in the duct. 

b. The Uow rale of dry air flowing through a flat, anarp-cdged orifice 

c. Sam^Jing Meter Console calibration factor 

d. The preSBure differential acrosB the sampling console orifice n.etcr that creates a flow rate 
through the meter of 0.7J> cfm dry air at 70°F and 29.92 in. Hg. 

13. The TypeS pitot tube must be properly oriented in the gas stream if it is to measure the 
correct gas velocity impact pressure. A serious diawback of sampling probe design in some 
equipment systems is : 

a. The pitot tube is pennanently welded to the sampling sheath 

h. The pitot tubcprobe sheath Msembly can be accidently twisted into misalignment in the 
gas stream 

c. The pitot tube is constructed of 316 stainless steel 

d. The pitot tube-probe sheath assembly is out of round 

14. Blowcre are necessary on transmissometcrs to: 

a. Prevent mirror lock-up 

b. Provide a purge system through the instrument to eliminate the effects of corrosive gases 

c. Air-condition the optical system 

d. Keep the optical windows free of particulates 

15. How is tranamitUnce related to opacity? 

a. % opacity = % Iransmittancc - Ringebnann number 

h. Transmittance = (1 - % opacity) x 100 

c. TransmitUnce/opacity = Ringebnann number 

d. % opacity = 100% - % transmitunce 
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16. The caacade imptctor particle siaer can give representative particle tiae daU if : 

a. ll k pnoperiy calibrated and operated 

b. A cyclone iauaed to knock out large particU* in the gaa stream 

c. Only if it ia not at itack temperature when sampling 

d. Agglomeration and fracturing of particles takes place in the device 

17. For tangential cyclonic flow in a stack* the beat way io determine the velocity i&: 

a. Orient the pitpt tube until maximum readmg is obtained. This is the true ^p> 

b. Orient the pitot tube parallel to the sides of the stack and the Ap reading is the 
upward vector of the velocity. 

c. Measure the impact pressure and the static pressure separately and by diffo^nce 
obtain the velocity head (Ap). 

d. Install gas flow straightemng vanes and sample in the usual manner. 

18. ''Isokinetic/' in stack sampling, means: 

a. The volumetric flow rate at the tip of the probe noi;£le is equal to the volumetric 
flow rate at the metering device. 

b. Tht* velocity at the tip of the noule is equal to the velocity at the metering device, 

c. The velocity at the tip of the noule is equal to tKe Vdooil|y of ^he approaching 
stack gas stream. 

d. A term used by stack sampleiv to impress plant pen^onnel. 

19. Cascade impactor particle sizing devices are subject to errors produced when the sajnple gas 
flow rate through the device is too high. These eirors are caused by: 

a. Poor leak test procedures 

b. Process fan fluctuations 

c. Scouring and rerntrainment of particles deposited on stage plates 

d. Under isokinetic flow through the impactor 

20. The Type S pitot tube is the most commonly used device for the EPA Method 5 sampling 
train gas sensor. It aids in the measurement of the stack gas velocity. The Type S pitot 
.tube directly measures: 

a. The gas velocity impact pressure and static pressure 

b. Gas flow rate through the A and B legs of the tube 

c. Stack gas viscosity 

d. The difference between gas visco^ty and gas density 
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21. Source Mmpbng nossltt should be: 



a. Tipei«dtogS40^ 

b. Must not exceed 3/4" diimeter 

c. Qdibrtted regulaHy to the nearest (0.001 inch) 0.025 mm 
il Replaced at specific intervals 

22. In the following cqualiouH 

= stack gas velocity 

= stack croflB-seclional area 

A = nostle cross^ectional area 
n 

$ = sampling lime (minutes) 

V = standard volume metered it the dry (jas meter 
m 

V = volume at stack condition!, passing through the nowle 
n 

The % Uokinetic for a stack may be calculated using equation: 

a, % isokinetic =A - = " 



b. % isokinetic = 



V 

d. %isokineUc = _JII » 100 



23. Th. N.« Source P.rfonn.nM Sundud. lor . Fo«a Fu.1 Firtd Sl«m Gwentor define • 
particulate as: 

a. Any aolid or liquid in the stack gas 

b. Any aolid in the atack gas 

c. Any aolid or liquid other than uncombincd water in the sUck gas as meawred by Method 5. 

d. Any aolid or Uquid other than uncombined water as mea«»wd by Method 5 sampling 
train maintjuned at ^400°F 
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24 AnO«.l ■mJy.er k commonly to det«rmin« lh« compoption of « combualion eJOuenl 
!^.erN2.T2!c0..n,l(:02 J., ihe principd con»Utu.nU of the gM .t««n. It d,r.cUy 
measure*: 

a. O2, CO, and CD2 

b. 00,0)2.02 

c. CO2, 02, N2 % 
U. N2,02,l» 

25. An f)r8atanalyMr yields results on a: 

«. W<;t b»iB becauw; it essentially is a wet chemical analysis. 

b. Wrt basis becausf the effluent usually conUins moiature. 

c. Dry basis because the moisture condenses until the effluent is dry. 
a. Dry basis because the vapor pressure of water remains the same. 

26. The order in which we •nal>ze the components is: 

a. COg.Og.CO 

b. 02,C02,C0,N2 

c. CO, O2, CO2 

d. N2,02,C0 

27. The Type S pilot tube must be cJibrated while .««mbled in the s«npling configuration 
for which its use is intended. This is necessary because: 

a. The Type S pitot tube is not an accepted standard for gas velocity me««irementB. 
b It may be Reynold's Number dependent 

c It is not manufactured according to an established National Sundard 
d. AU the preceding reasons in conjunction with the dicUtes of good experimenul procedure 
for preparation and use of any scientific measuring device. 
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2B. Mrt.l lln' <!qu«li<»n llittl Ih M iIiw tIImk IIk' niliUrulioii of u pilol lulu- iiwiinu kii(»wn HUruUrd 
{Hlot tiihr. 

^ A - sUck cniw-McUontI area 



- pitol tube calibration coefFcifnt 

^p(Btd) ttandard pitot^Utic tube cdi- 
bration coefficienc 



Q / \ ^ dimenaional constant 



P^Ap = wet molecular weight of tlic gas 



Ml 



J "^8 ^ abaolute prcasure 0 the gafl 



A p = pitot tube velocity pressure 

Ap(tf«t) = test pitot tube velocity pressure 

Ap((tid) = standard pitol static tube velocity 

n = volumetric flow rale 

T = absolute temperature of the gas 
s 



V Ap(t«i) 

I p(lrJl) 



29. The DgQ of a cascade impactor sUge ib defined as: 

a. The particle diameter at which the stage is 5(y% efficient 
L ThcDpOf thatsuge 

c. The particle diameter at which the stage is 50% 

The DgQ aerodynamic diameter of the particles on that stage 



30. The photopic region \h 

a. The region of the electromagnetic spectrum covered by the epectral out})ut of a tungsten 
filament. 

b. The effective sensing area of the detector on a transmissometcr 

c. The range of particle sites which scatter visible light. 

d. The visible region of the electromagnetic ^ectrum. 
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31. Till iiioiHdin* uoiilrnl of lln- hUh k ^;iiH \ \\\\ \^ iiilo rulntlulHin of llu' niolrnilar of 
ihf ill iIh* i^x|inwMioii. 

t. Mj -2 M^B^ c. = Mj(l^B^,)> 0.025 

b. = Mj(l-B^,)* 10(B^,) d. - Mjd-B^,)^ B^, 

B^^ ^ mole fraction H2O (% H2O) - weight molecular weight of the 

atack ga» 

32. What must you do if you encounter effluents other than CX)2i O21 00, or air in order to 
deti^rmine the molecular weight? 

a. Guess the molecular weight to be 29. 

b. Use appropriate analytical procedures to determine the mole fraction of e«ch constituent 
of the effluent gas. 

c. Co ahead and use theOrsat anyway. The principle is "anything is better than nothing''. 

d. Use a Fyritc, 

33. If you sample over-isokinetically , your particle concentration will be 

a. Leas than the true concentration 
h. Greater than the true concentration 

c. The true concentration 

d. Greater than the true concentration only if large particIcB make up a significant percentage 
of the particle aise distribution 

34. A quick approximation of stack g«B velocity in a duct can be made using the equation: 




b - 85.48 /(Tg A p) 





35. The ideal gas law itatea that: 



PV = J!L RT 
M 



Select the atatement that is false. 

a. The universal gas constant, R, is dimensionleas. 

b. The above relationship can be used to find the density of a gas at any conditions of 



36. Why is the detennination of moisture contiint of the effluent gas important in isokinetic 
sampling? 

a. Because moisture tends to corrode the notzh, 

b. Because it enters as a variable in the isokinetic sampling equation and must be considered 
in setting the isokinetic flow rate. 

c. It can dksdve particulates and yield low results. 

d. It is not impcnant in isokinetic sampling. 

37. One of the important by drodynamic principles used in isokinetic considerations, is 

a. Large particles tend to move in their same initial direction. 

b. Barriers to flow develop vortices. 

c. Pressure is inversely related to volume. 

d. A flowing gas stream will decrease the prcBSure in a tube normal to the flow direction. 

38. Which one of thr following relates pressure differrntial across a system to the flow rate 
of the gMSta in the system: 

9 Stokes Law 

b. Reynolds' Number 

c. Bernoulli's Theorem 

d . Avagadro * s Number 



P,T,and M. 

c. Molecular weight is determined by knowing the composition of gas stream. 

d. T must be in absolute units. 




39. Reference Method 4 in the Fedenl RegiBter outlines the procedural for determination 
of the moisture content of i stsck gas. Moisture content is best determined from the 
equation: (Note B^^ is the same as B^^) 



ws 



b. B 



WB 



WC 



V + V 



+ 0.02 



^wc(8td) * ^«g(»td) * ^m(8td) 



c. B 



we 



V + V« 
WC ra 



d B^, = 1 



V 



m 



40. The % isokinetic calculated at the end of a Method 5 test is a measure of: 

s. The precision with which sampling rates were set based on test velocity and 
volumetric flow rate data a. ' ^ * 

b. Experimental dkcrepancies 

c. Experimental eiror 

d. Accurate pollutant mass emissions 

TRUt - FALSE 



41. The sutic pressure of a duct is that pressure whkh would be indicated by p gage moving 
along with the ga» stream in the duct. 

42. The nomograph supplied with most commercial KPA trains is the most accurate metliod 
for setting isokinetic flow rate. 

43. When any fuel is burned at 50% excess air, the ilue gas will contain the same %02i and 
%C02. 

44. An inclined manometer must always be leveled and properiy xeroed if good readings are 
expected. 

4t'>. Gas straightening vanes will assist in reducing gas turbulence within a duct 

46. The standard pi tot tube hss standard design criteria accepted by the National Bureau of 
Standards. 

47. The analytical technique and properties of the pollutant and other constituents are of 
prime impcMtance when designing sampling trains and experiments. 

48. Sampling for the average pollutant concentration at the pomt of average velocity is 
common practice for isokinetic sampling. 



317 



A . rtKk cn be coiTcUled to mus mi-ion concentration. 



AH = Kfip. 
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SOUKCK SAMPLlNd KDU PAItTICUUn: EMISSIONS 
APTI COURSE NUMBER 450 



POST TEST 



DIRECTIONS: Grcle the bert uiawer (there is one $nd only one correct uiiwer for each question). Maik 
«niwers both on your Exm Sheet and on the Answer Sheet You will be asked to turn in only the 
Answer Sheet The August 1977 Federal Register and a scicntinc calculator may be used during this 
test 

1. If the particulate concentration is measured as 0,1 grains per dry standard cubic foot (DSCF), 
and" the stack gas flow rate is 70,000 DSCF per minute, what is the particulate emission rate in 
pounds per hour (7000 grains = 1 pound)? 

a. 60 pounds/hour 

h. 1 pound/hnur 

c. 10 pounds/hour 

d. need more information 

2. A Stack Tester needs an estimated stack gas velocity for pre-survcy information. He w told that 
the suck gas is exiting from a j:Qnibu8tion.8oui)tV6Jind that the avc.age stack gas trmperature is 
440°F. A velocity traverse wfipall ndf ty|*^'tikatlui»c (C_'^ 0.85) gave the average Ap = 1.0 
in li20. Estimate the gas velocity in the duct. 

a. 69ft./sec. 

b. 74 ft/sec. 

c. 60 ft/sec. 

d. 78 ft/sec. 

3. A Type S pitot tube was calibrated against a standard pitot-sUtic tube assigned a Cp = 0.998 
by NnS. The Type S tube measured a A p = 0 500, The standard tube measured a A p =0.350. 
What is the C^ of the Type S iube based on thU data? 

a. 0.998 (0.7)2 

b. 0.998/ \/0T 

c. 0.998 V/OTT 

d. 0.998/(0.7)2 



February 14, 1980 
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A ^tack T.-SI wui. perf.mneH al u wood fir. d l.oil. r. The Hlaek ga.- contained lOT^HjO and 
travH.-.l up Um- nlack at 30 fl./s.c Tl.r Hluck l>ud rr»«H.8fcliona ar«a of 20 ft. , avcragi- 
l.-,n,H.r«l,.r.- of 33r/'F, a,.d ahsolulo |.r.«sun- ..f 2<) «J2 in. Hg. Wl.al w«> iho volumetric flow 
MJp in Hr)' nlandanl cubic (vri pt'r hour?. 



a. 144,000 

li. 1 .300.000 

0. 130.000 

,i. 1 .1)60.000 



M..|h>w| I pn.H.«nt« giil.lrhiM for thr sf h-ction of a HamplihK «ite and minimum number of 
samphnp p..inlH for a particulate traverse for a stack diameter greater thaii 24 iiiche«. 
The criterion for using 12 sampling po'mts in tl>e duct stateitliat the 
sampling site is at least: 



a. 8 duct diamelen- downstream and 2 duct dianielcre upstream of a flow disturbance. 

h. 2 duel diametfirs downstream and 8 duct diametere upstream of a flow disturbance, 

e. 4 duel diameters downstream and 8 duct diametere upstream of a flow disturbance, 

d. 6 duct diameteni downstream and 2 duct diametere upstream of a flow disturbance. 



(». I \u- ( indc i.f I Vdrrul HepiluliDiih oulJineH llie proeedures for Method 3. The method gives 
drluil. .... I., a.ioly/,.- Uw^tW'Ufertf .Mf»»'frtW'f^^ using the Great. Orsul 

anal) sis n.akesiM.shii.le ihrmAa^UI M! * 

a. Moir fra- lio). of ( :< < >2' ^ •' ^' ''""^ ""»''"'-'"''»'■ "'"^ |>''reenl excess air in 

llii' ilm I 

li i'( ri ( 111 air. < '•' ) >. "ml vohiiin lrie fluvv rale (ilry ) 

I . i'l-ri i iil ( :i ).,. 1 1.,, and ( ;t 1, and ...ttiBliin- loiiti nl 
(i OnK the percedt oxygen present in the dr> };a.'> 

7 Mi lhufI I ijui.lt lmei. sunfiehl thai all san.plitifi points in a rectangular duct be located al tlie 
rciiirnid of an r.jual area s>' thai: 

a. Tin IV I.- a Iciijilli li> wiillli ratio of 1:4 
I). I Imn- i?' a lengtl. In width ratio of 2: 1 

r. Two atid five are concenliie ecjual airas 
d. riiert- a halaticed matrix 
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a. tuing McIIumI I Kui<lt»lim h tl in titn;tt*«ar) to itulnilulr uii cnuivali ul diaiiuii r 
( ) for rrrtaiiKiilur nlackh lo be 'IhiM in ilonr lining: 







(L)(^) 
(L)^ 


b. 




(L)(^) 






2(L) 0\ ) 
L + W 


\> 
d. 




4(L) (W) 




W + L 



9. If fibers froin 4 fUter adliere to tlie giskel pari of tlie filter Msombly a proper procedure to follow would be to: 
a Wash the gaHket iji an acetone/water riiiMc. 

b. Retain tlie fibers on the gasket for the next nin. 

c. Scrape off tlic fibers into tlie filter recovery disli 

d. Wipe the fibeni off witJi a Kijnwipc. 



I n The mole fraction of HoQiin a iUckjwi<4s calculatMl by the 
Reference Method.l£i4W'^KT49fiif^ 

'^ws = ^ + 0.02 

V + V 
wc m 

b. „ = ^WC(Btd) * ^W8K(8td) 



^wc(Htd) * ^'w8g(std) * ^'ni(8td) 



' w«' m 



.1. H. 



V ♦ V 
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1 1 . 'Yhv following slalniu-nls ^nvr soinr of iUc aiKanla^rH i^ainrd b> uniiig u Type S pilot lubr. 
Which HUtciiK lit iH nol alwayt Irur? 

a. The Type S pilot tube is easy to uw in email Bampling ports. 

b. The Type S pitot tube refiista abusive environmcntfl and holds its calibration. 

c. The Type S pitot tube consistently calibrates to a known Cp value of 0.84, therefore, 
individual calibration is not necessary. 

d. The laige gas aensing orifices of tht? Type S pitot tube help prevent clogging in heavily 
loaded particulate gas streams. 

12. The standard pitot*static tube has small openings hurrounding the tube for measuring: 

a. Standard preanuro ^ 

b. Static pressure 

c. Rotational ga.<» velocity vector 

d. Parallel gas axis an|zle 

13. The Bmall opening surroundinfj; the standard pitot-nlatic tube may clog witli particulate in a 
heavil) loaded gas stream. For this reason the standard pitot-static tube should: 

a. Never be used fur this I) pe situation 

h. Used only to calibrate a Type S pitot lube 

0. He a second choice to a well calibrated Type S tube in this situation 

d. Protected from clogging l>33|g*^"g^f fntl^rJOW !S%^ opening 

14. The Type S pitol tube ifl the most commonly UM*d device for the EPA Method 5 Sampling 
Train gaK sensor. It aidH in the measurement of thi^ stack velocity. The Type S pitol tube 
directly measures: 

a. The difference between total pressure and static pressure 
h. (las flow rale through the A and B legs of thr tube 

c. Stack gas vL'^cosity 

d. Difference between gas viscosit) and gas densit> 

15. The requirements concerning minimum distances for fleparation of the Type S pitot tube and 
any accmory on the sampling probe are establinhed because: 

a. Thr Type S pitol IuIm^ ha** a slow rrHponni* time when gas turbulence exiwts a miuI the 
scn.sore. 

b. The Type S pitol tube ha^i exhibited a sensitivity to gas turbulence thai can effect its 
calibration coefficient. 

c. The Type S pitot tube must be isolated from the sampling nozzle to ensure that the 
volume at tlie nozzle equals the velocity of the approaching gas stream. 

d. Nianufacture calibration guarantees are void if the pitot tube is too close to other train 
components. 



16. Ill iheiHukihclio rat(Mi|iiatiuii All =• K ^p, K 

Always ec]val to 1 ,84 
b. Only a function of the slack irniporalurr 
c» A function of many variables 
d. Independent of the Cp value 

17. Isokinetic sampling is: 

a. Used only for gas sampling f^om stadonary source's 

b. Is necessary when sampling for gases as weii as for particulates to obtain the proper 
influx of pollutant 

c. The same as pmportional sampling 

fl. Is ncci-ssdry to (ihtain a particulate samplr having the same sise distribution as that occurring 
in the stack 



18. What is the purpose of the Method 5 nomogranh? 

a. It is a type of slide rule UHt;d to determine the ^p f*>r lh»' ehosen sarnpliu^' train, 
size. 

b. It is a type of slide rule used to correct the nozzle velocity to standard conditions. 

c. It is a type of slide rule used to determine f*^i) bptn ibe observed Ap* 

d. It is a type of slide rule uaed to detiiUiiiiQy yPJflfl^ observed AH. 
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In the expression A H = K Ap, K represents the reduction of several variables into a constant 
term that may be calculated for the existing conditions at the source. Which of the following 
variables is assumed to be zero in the reduction of terms to K? 



a. A lltf - 0 
"wm = 0 

d. (l.H^,)= 0 



20. A Source Test was performed at an isokinetic rate of 86%. The emissions calculated from 
this test an* biased : 



a. My large particulates and a higher emission rale than true 

b. B) large particulates and a lower emission rate than true 

c. Small particulates and a higher emisRion rale than true 

d. Small particulates and a lower emission rate than true 
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21. A irir -niMomeler mcwurefl the opacity of an tidueni stream uaing light with wave lengths between 
500 600 nm. ThcHe wavo lenfithK arv chc^sen for which of the foHowing reasons? 

a. Hiese wave lengths are specifie to i\\ aMi parlii leP 

h. TranamiKHomelrr opacity reading, in this area of the electromagnetic ^^pectrum arc free from 

c. P^Bcnt technology does not allow economical com^tniction of instrumcni^ employing oUier 
wave lengths 

d. Combustion ftourtes emit light in thU region of the spectrum 



22. The percent isokinetic should be 100%, and if it is; 

a. It ensures sampling accuracy. 

b. It means only that, based on the volumetric and velocity data, the proper sampling 
rates were used. 

c. It means that the source is in compUance with regulations. 

d. It means that only the pollutant mass rate will be accurate. 

23. In the eleaiiHip procedur«H of an KPA particulate train, acetone is used to wash all internal 
surfaces of: 



a. NoEzle, probe, and front half of filter holder 

h. Answer ''a/' except the probeis^syl^ is glass 

c. Probe and filter holder onljPTIIlfl I nlln ' 

d. Acetone is not used because it is highly volatile ^ 

24. A sampling team perfonned reference method 5 particulate test at a municipal incinerator. Test 
results showed an emission rate of 0.01 ib./dscf witli 8% COg in the stack gas. What is the 
emission rate connected to 12% fX)2? 

a. 0.010 ilh/dscf 

h. 0.015 IlK/dscf 

c. 0.020 Ih./dscf 

d. 0.02r) lii./dscf 
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25. fc>rur anilysift of Uir Mrlhoil 3 Buiiiplinn 8)8Uni j*ujaro«l8 that tlio great* si vrwr^ 
determination of: 

4. Slick gas velocity and dry molecular wi ighl 

b. Stack gas velocity and Bampling Bite selection 

c. Stack ga& velocity and wet molecular weight 

d. Stack gaa velocity and moisture content 

r 

26. If entrained watPr u obacpved In the sUck. which of the following meUiods 
would give this beat estimate for B^^T 

a. Juit uae the saturated moisture value at the stack temperature 
K Use the wet bidb-dry bulb method 

c. Use Method 4 

d. Just use the saturated moisture value at the ambient temperature 



27. The moisture conlenl of the stack gas enters into the calculation of the wet molecular weiglit 

of iUv gasi in the ^xjiression: 

a. M^, = 2 

c. = Md<^-"ws) ' "'"-^ 

d. = Md(l-«wH) ' 

28. For tangential cyclonic flow in a stack, ihc Imst way lo determine the vrlocit) is: 

a. Orient the pitot tube until maximum reading is obtained. This is ihe true 

b. Orienl the pilot tube parallel to tht sidcB of the stack. The Ap reading is the upward 
vector of the vfilocily 

c. Measure the impact pressure and ihe static jiressurc separately and by difference obuin 
tlif^ velocity head ( Ap ) 

d. Install ^as flow straightening vanea and sample in the usual manner 
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29. Utvl Tfuler H«mplin(; tram had juni complotrd a IV^ lliod 5 teat at a coKt of $2000 to the aourcr . 
Thf value obtained for the r miaaiona, in waa below the atandard, indirating 

that the aource waa in comptiancf . The teat itaelf, howeven waa only 80% iaokinetic. Thia 
lest data: 

a. Would be rejected by EPA since it is not within i 10% of 100% iaokinetic. 

b. (Jould be easiiy corrected to give the value of K at 100% iaokinetic conditions. 

c. (!ould be accepted by EPA since the value of E would be even lower at 100% isokinetic 
conditions. 

d. Could be accepted by EPA hincc the value of K would be even higher at 100% isokinetic 



conditions. 



3U. Correcting pollutant concentrations to 12% CO^ applicable to: 



fi> All pruoefiees 

b. Incineration procesHi^s and other combustion suurctvt 

e. SfHircen in operution prior to April 1, 1970 

il. S»urcf>H rovercd by Slate Implt^mentaiion Pluiih 



3) . TIm' ideal gas law Htates that. 



Ml 

pv - — irr 

M 




Selt'Ct the i4|alement thai is false. 



a. The universal ga£ constant, R, is dimensionless. 

b. The above relationship can be used to find the density of a gas at any conditions of 



P. T, and M. 

c. Molecular weight in determined by knowing th . composition of gas stream. 

d. T must he in absolute units. 



32. TIh' I )r^^} I'f a caMCadf' impa(:tor stag*' is d^Hned as: 



a. The average aerodynamic diameter of the particles on that stage 

b. The physical diameter of the particles on that stage 

('. The particle diameter at which the stage is 50% efficient 

d (ittliliratifin corfru irnt of that Rta^r 
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0«iw rale llm^ugl) iKr ilrvii e Ih ion high. Thrw rnrnrn arc caused h) : 

a. Afiisokinptic flow through the impactor 

b. Ovrr isokinrtic flow through the impactor 

c. Under iMokinetic flow through the impactor 

d. Scouring and recntrainment of particle dcponited on aiage platen 

34. The maximum total angle of radiation that can be projected by the lamp asacmbly of the 
traniunibsonieler is known ah. 

a^ The angle of trajeclor) 

b. The angle of declination 

c. The liglit scattering angh' 

d. The wngle of projerli«iri 

35. Mow in Irauftmittanee rriiitt d lo of)urit) ? 

a. Iraiisiniltance = log]|) ^ ^ 

(l.u,.anly) .j.: y.^ : (j 

h. tronHmillonce/opacily = - naqi 

r. Vf opacity = l(K)% Vt- lran»mitlanre 

d. % opacity = % tran*mittanco - naqI 

36. A transmiMometcr will provide infoimation on mass emi«aioni» from a pollutant source for 
a given time period if: 

a. 1 he neutral denaity fdtera are calibrated to 3% and the particle charactcriatics do not 
change. 

h. A reference light aourrr in UHed and the pfirticle charaeteristics do not change. 

c. The maiiufactiiirr aiipplteff a raiibratiiKi chart. 

d. T\\v optical density can be correlated lo grain loading and the particle characteriatiCM 
remain unchanged. 

37. If a post-leak check of a Method 5 train gives a value of .032 cfm, 
the test should be: 

a. Rejected without question. 
K Accepted without question. 

c. Accepted, if Vm is eorrected, using the leak rate value 

d. Accepted* if Vm is modified by averaging the pre-test and 
post-test leak rates. 
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The foUowing questions arc related to the diagram of the Method 5 Sampling Train QueaUon^ 
.an in romplrxity from simplr identification of equipme nl to others that test underaUndmg 
ami i't>rtiprrlienMinn of cipiipmrnl urn . 




irain at a controlkd rate, the by-pass valve is: 



a Turned all the way off 

h Tumrd clockwise from a fully open position 

c Tunu'd counter-clockwise from an off position 

<1. Turned lo a fully open position 
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39. What M the fiinctioM of thr orifice mf l«r in u Mrthcxl 5 lent? 

a. It ii uted to diminatr correcting ihfi stinple volumf to standard conditioni 

b* It k uaed to deterniini? Um* valu<* of k of tiw. iiukitiittic rate equation during the iv^i 

c. It m uaed to determine the flow rate of the gas through the lAmpling train 

d. It ia uaed to determine the flow rate of the gas in the stack 

40. In the EPA Method 5 Sampling Train, what are each of the impingers Tilled with and what is 
the correct order? 

a. I - lOOcc HgO, 2 ^ Dry, 3 - lOOcc Il2^\ 4 - SUica Gel (lOOg) 
|j. I - KMkc I12O, 2 - 200cc HgO, 3 ^ Dry, 4 - Silica Gel (200g) 

c. I - lOOix MgO, 2 - lOOcc HgO, 3 - Dry, 4 - Silica Gel (200g) 

d. 1 - 200cc llgO, 2 ~ 2(X)cc HgO, 3 Dry, 4 - Silica Gel (lOOg) 

41 . All leak checks for the sample train should be conducted: 

a. From the iiozrJf inlel with all train romponcnls al operating lemperalurt' 

b. From the fdter inlet at room temperature 

i\ From tin* probe inlet at ambient temperatun' 
d. From the nozzle inlel at ambient temperaturf 

42. The po»t>te&t leak check at the iH^'i jUifi^^^^ stack test is: 

a. An unnecettary and useless procedure because it is not required by present 
regulatitms 

b. A ponibie source of error creating particulate penetration through the glass mat filter 

c. Required in the August 18, 1977 Federal Register revisions to Method 5 

d. The work of a novice tester unaware of the possible problems 

43. Thr August 18, 1977 Federal Register gives guidelines on the type of sampling probe liner 
that may hv used in the Method 5 sampling system. It recommends that probe liners be: 

a. Borosilicate glass 

b. liorosilicate glass or stainless steel 
<• . <,)uartz glass or stainless Bteel 

d. Borosilicate or quartz glass; stfiinless steel with the approval of the admimstrator 
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44. riir IVilrrul llrj?iHl. r Kiii.lrlin. M for Mi lliiid r> mw. Kl ii |>r."l«iHl li>iik cliwk of tin- ««nnjliii;; Uuii». 
Till' WM n'i'.iHiiinitniluliiiiiHiirc: 

a. A \vMk chrck of the I'nlin* tytiem at o|wraling Icmpcralurc and a vacuum gap' rrading «f 

b. A leak check of the entire lyrtem at ■ vacuum gage reading of 14 in. Hg 

c. A leak check at the filter 'niet at • vacuum gage reading of 14 in. Hg and maviraum leak 
rate of 0.02 c£m 

d. A leak check at the filter inlet at a vacuum gage reading of 15 in. Hg and maximum teak 
rat<- of 0.25 cfm 



45. The F Factor is: 

a. Used to detennine the concentration of the iitack gas. 

b. Pemiitted by the Federal Register to^convert emissiDtis 
data for FFFSG uito the units Ib/IQP Btu. 

c. IJaed to calculate the stack cas volumetric flow rate 

d. Uaed to deteimine tiie (pmr) pollutant mass rate. 



4r>. TIm- KI'A Vii ihml r» Snm|•lin^ jmiopdurf HprrifirH llial tin- oul of-sUck filtf r ^cmperatun! 
(unlfiw Btalcii otherwise in t)ic subpart*) l»f mtintaincd at 

a. ^ 250"F 

h. ^ 250"F 

c. No greater than 248°F 1 25°F 

d. 250"F 



47. Maintaining the filter at this temperature is: 

a. Part of the definition of "particulate" as the method is written 

b. Npce««ry to prevent sulfate formation on the ^aas mat 
r. Tho br«l tempCTaturf to asaurr a leak-tight filter holder 
il. Kanirr llian setting il ul any other lempcralun- 

' The (losirfd flow rale tlin.iigh the Method 5 Sumpling Train is 0.75 cftn dry air at 68*^ and 
2').92 in. Wii. These conditions are designated by a single term A H@. Solving the orifice 
nu li r flow rate equation for a A H<® that meets the stated conditions we find: 



A IVo, = 



c. A H® = 0.9244 



K„ 2 

m 



m 



b. A H 



d. A -- ^ 



m 



m 



rn 



m 
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